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INTRODUCTION 
The INTEL ® MCS48™ 
family consists of a series 
of seven parts, including three processors, which take 
advantage 
of the latest advances in silicon techno- 
logy to provide the system designer with an effec- 
tive solution 
to a wide variety of design problems. 
The significant 
contribution 
of the MCS48 family 
is that 
instead 
of consisting 
of integrated 
micro- 
computer 
components 
it 
consists 
of integrated 
microcomputer 
systems. A single integrated 
circuit 
contains 
the processor, 
RAM, ROM (or PROM), a 
timer, and I/O. 
This application 
note suggests a variety of applica- 
tion techniques 
which are useful with the MCS48. 


Rather 
than 
presenting 
the design of a complete 
system 
it describes 
the implementation 
of "sub- 
systems" 
which 
are common 
to many 
micropro- 


cessor based systems. The subsystems described are 
analog 
input 
and 
output, 
the use of tables 
for 
function 
evaluation, 
receiving serial code, transmit- 


ting serial code, 
and 
parity 
generation. 
After an 
overview of the MCS48 
family these areas are dis- 
cussed 
in a more 
or 
less independent 
manner. 


THE MCS48™ 
FAMILY 


The processors 
in the MCS48 
family all share an 
identical 
architecture. 
The only significant 
differ- 
ence is the type of on board program storage which 
is provided. 
The 8748 (see Figure I) includes 1024 
bytes of erasable, programmable, 
ROM (EPROM), 


the 8048 replaces 
the EPROM with an equivalent 
amount 
of mask programmed 
ROM, 
nd the 8035 
provides 
the 
CPU 
function 
with 
no 
on 
board 
program 
storage. 
All 
three 
of 
these 
processors 
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~PROGRAMSUPPLY 


~ 
'SVILDWPOWER 
v 
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~GNO 


TEST 
0- 
TEST 
1- 
'NT- 
FlAGO- 
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FLAG 


CARRY- 
ACC- 


REGISTER 
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REGISTER 
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REGISTER 


REGISTER 


REGISTER 
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REGI$HR 
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REGISTER 
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REGISTER 
7 


8 lEVEL 
STACK 
lVARIABLE 
LENGTHl 


OPTIONAL 
SECOND 
REGtSTER 
BANK 


Mnemonic 
Description 
Bytes 
Cycle 
Mnemonic 
Description 
Bytes 
Cycles 


Add registe/ to A 
1 
.• 
ADD 
A,R 
1 
c 
CALL 
Jump to subroutine 
2 
2 
.., 


ADD 
A,@R 
Add data memory to A 
1 
1 
" 
RET 
Return 
1 
2 
0 


ADD 
A, =data 
Add immediate to A 
2 
2 
.c 
RETR 
Return and restore status 
1 
2 
" 
ADDC A, R 
Add register with carry 
1 
1 
III 


ADDCA,@R 
Add data memory with carry 
1 
1 
CLR C 
Clear Carry 
1 
1 


ADDC 
A, =data 
Add immediate with carry 
2 
2 
CPL C 
Complement 
Carry 
1 
1 


ANL 
A, R 
And register to A 
1 
1 
!J, 
CLR FO 
Clear Flag 0 
1 
1 
.• 
ANL 
A,@R 
And data memory to A 
1 
1 
u: 
CPL FO 
Complement 
Flag 0 
1 
1 


ANL 
A, =data 
And immediate to A 
2 
2 
CLR Fl 
Clear Flag 1 
1 
1 


DRL A, R 
Or register to A 
1 
1 
CPL Fl 
Complement 
Flag 1 
1 
1 
~ 
ORL A,@R 
Or data memory to A 
1 
1 
:; 
ORL A, =data 
Or immediate to A 
2 
2 
E 
MOV A, R 
Move register to A 
1 
1 
a 
XRL 
A, R 
Exclusive Or register to A 
1 
1 
MOV A,@R 
Move data memory to A 
1 
1 
~ 
XRL 
A,@R 
Exclusive or data memory to A 
1 
1 
MOV A, =data 
Move immediate to A 
2 
2 
XRL 
A, =data 
Exclusive or immediate to A 
2 
2 
MOV R, A 
Move A to register 
1 
1 
INC A 
Increment A 
1 
1 
MOV@R,A 
Move A to data memory 
1 
1 
DEC A 
Decrement A 
1 
1 
~~ 
MOV R, =data 
Move immediate to register 
2 
2 
CLR A 
Clear A 
1 
1 
0 
MOV @R, =data 
Move immediate to data memory 
2 
2 
:; 
CPL A 
Complement A 
1 
1 
.. 
MOV A, PSW 
Move PSW to A 
1 
1 
DA A 
Decimal Adjust A 
1 
1 
0 
MOV PSW, A 
Move A to PSW 
1 
1 
SWAP A 
Swap nibbles of A 
1 
1 
XCH A, R 
Exchange A and register 
1 
1 
RLA 
Rotate A left 
1 
1 
XCH A,@R 
Exchange A and data memory 
1 
1 
RLC A 
Rotate A left through carry 
1 
1 
XCHD A,@R 
Exchange nibble of A and register 1 
1 
RR A 
Rotate A right 
1 
1 
MOVX 
A,@R 
Move external data memory to A 
1 
2 
RRC A 
Rotate A right through carry 
1 
1 
MOVX@R,A 
Move A to external data memory 
1 
2 


IN A, P 
Input port to A 
1 
2 
MOVPA,@A 
Move to A from current page 
1 
2 


OUTL 
P, A 
Output A to port 
1 
2 
MOVP3 A,@A 
Move to A from Page 3 
1 
2 


ANL 
P, =data 
And immediate tq port 
2 
2 
:; 
ORL P, =data 
Or immediate to port 
2 
2 
£'; 
INS A, BUS 
Input BUS to A 
1 
2 
MOV A, T 
Read Timer/Counter 
1 
1 
" 
OUTL 
BUS, A 
Output 
A to BUS 
~ 
MOV T, A 
Load Timer/Counter 
1 
1 
!2 
1 
2 
c 
:; 
ANL 
BUS, =data 
And immediate to BUS 
2 
2 
" 
STRT T 
Start Timer 
1 
1 
0 
0. 


OR L BUS, =data 
Or immediate to BUS 
2 
2 
~ 
STRT CNT 
Start Counter 
1 
1 
.: 
~ 
MOVD 
A, P 
Input Expander port to A 
1 
2 
E 
STOP TCNT 
Stop Timer/Counter 
1 
1 


MOVD 
P, A 
Output A to Expander port 
1 
2 
;: 
EN TCNTI 
Enable Timer/Counter 
Interrupt 
1 
1 


ANLD 
P, A 
And A to Expander port 
1 
2 
DIS TCNTI 
Disable Timer/Counter 
Interrupt 
1 
1 


ORLD 
P, A 
Or A to Expander port 
1 
2 


~ 
INC R 
Increment register 
1 
1 
EN I 
Enable external interrupt 
1 
1 


'e;, 
INC@R 
Increment data memory 
1 
1 
DIS I 
Disable external interrupt 
1 
1- 


.• 
DEC R 
Decrement register 
1 
1 
g 
SEL RBO 
Select register bank 0 
1 
1 
a: 


c 
SEL RBI 
Select register bank 1 
1 
1 


0 
SEL MBO 
Select memory bank 0 
1 
1 
JMP addr 
Jump unconditional 
2 
2 
u 


JMPP@A 
Jump indirect 
1 
2 
SEL MBl 
Select memory bank 1 
1 
1 


DJNZ R, addr 
Decrement register and skip 
2 
2 
ENTO CLK 
Enable Clock output on TO 
1 
1 


JC addr 
Jump on Carry 
=0 1 
2 
2 
JNC addr 
Jump on Carry 
=0 0 
2 
2 


J Z add' 
Jump on A Zero 
2 
2 
NOP 
No Operation 
1 
1 


JNZ add, 
Jump on A not Zero 
2 
2 
~ 
JTO add, 
Jump on TO =0 1 
2 
2 
uC 
JNTO addr 
Jump on TO =0 0 
2 
2 
~ 
'" 
JTl 
add' 
Jump on Tl 
=0 1 
2 
2 
JNTI 
addr 
Jump on T1 
=0 0 
2 
2 
JFO add, 
Jump on FO =: 1 
2 
2 
JF1 addr 
Jump on F1 
=0 1 
2 
2 
Mnemonics copyright Intel Corporation 
1976 


JTF add, 
Jump on timer flag 
2 
2 
JNI addr 
Jump on i"'NT 
"" a 
2 
2 
JBb addr 
Jump on Accumulator 
Bit 
2 
2 


•• 


inter 


operate 
from 
a single 5-volt power 
supply. 
The 
8748 
requires 
an additional 
25-volt 
supply 
only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. 
Aside from program 
storage, 
these chips 
include 
64 bytes 
of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programmable 
I/O pins and the processor 
itself. The processor 
offers a wide range of instruc- 
tion 
capability 
including 
many 
designed 
for bit, 


nibble, and byte manipulation. 
The instruction 
set 
is summarized 
in Figure 2. 


Aside 
from 
the 
processors, 
the 
MCS-48 
family 
includes 4 devices: one pure I/O device and 3 com- 
bination 
memory 
and 
I/O devices. The pure I/O 
device is the 8243, a device which is connected 
to a 
special 4 bit bus provided by the MCS-48 processors 
and which provides 
16 I/O pins which can be pro- 
grammatically 
controlled. 
The combination 
memory 
and I/O devices consist 
of the 8355, 
the 8755, 
and the 8155. The 8355 
and the 8755 both provide 2,048 bytes of program 
storage 
and 
two eight 
bit data 
ports. 
The 
only 
difference 
between 
these devices is that the 8355 
contains 
masked program 
ROM and the 8755 con- 
tains 
EPROM. 
The 8155 
combines 
256 bytes 
of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable 
timer. 


Figure 3 shows the various system configurations 
which can be achieved using the MCS-48 family of 
parts. It should also be noted that eight of the pro- 
cessors' I/O lines have been configured as a bidirec- 
tional 
bus which can be used to interface 
to stan- 
dard Intel peripheral 
parts such as the 8251 USART 
(for 
serial I/O), 
the 8255A 
PPI (provides 
24 I/O 
lines) and the complete 
range of memory 
compo- 
nents. 
More detailed 
information 
concerning 
the MCS-48 
family can be obtained 
from the "MCS-48 Micro- 
computer 
User's 
Manual" 
which provides 
a com- 
plete 
description 
of 
the 
MCS-48 family 
and 
its 
members. 
A general familiarity with this document 
will make the application 
techniques 
which follow 
easier to understand. 


ANALOG I/O 
If analog I/O is required 
for a MCS-48™ 
system 
there 
are 
many 
alternatives 
available 
from 
the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi- 
nation of features which is technically 
feasible. Per- 
haps the best example of such modules are the MP- 
10 and MP-20 hybrid 
modules recently introduced 
by Burr-Brown 
Research 
Corporation. 
The MP-IO 
provides 
two analog outputs 
and the MP-20 pro- 
vides 
16 analog inputs. 
Both of these units were 


[I 
Number of Available Timers 
( ) Number of Available I/O Lines 


1088 
lK - 
8035 
8048 
8035 
8048 
8355 
8355 
2-8355 
4-8155 
4-8155 
4-8155 
4-8155 
[5] 
(101) 
[5] 
(116) 
[5] 
(116) 
[5] 
(131) 


- 


8035 
8048 
8035 
8048 
8355 
8355 
2-8355 
3-8155 
3-8155 
3-8155 
3-8155 
[4] 
(80) 
[41 
(95) 
[4] 
(95) 
[4] 
(110) 
- 
8035 
8048 
8035 
8048 
8355 
8355 
2-8355 
2-8155 
2-8155 
2-8155 
2-8155 
[3] 
(59) 
[3] 
(74) 
[3J 
(74) 
[3] 
(89) 


- 
8035 
8048 
8035 
8048 
8355 
8355 
2-8355 
8155 
8155 
8155 
8155 
[21 
(38) 
[2] 
(53) 
[2] 
(53) 
[2J 
(68) 


8035 
8048 
8035 
8048 
8355 
8355 
2-8355 
[1] 
(24) 
[1] 
(28) 
[1] 
(28) 
[1] 
(43) 


~« 
0: 
;578 
0:512 
o 
:::;: 
UJ 
:::;:« 


~320 
°256 


lK 
2K 
3K 


PROGRAM 
MEMORY 
(ROM) 


specifically 
designed 
to 
interface 
with 
micro- 
processors_ 


A block diagram of the MP-I 0 is shown in Figure 4. 
It consists of two eight bit digital to analog conver- 
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter- 
mine when the latches should be loaded. The D/A 
converters 
each generate 
an analog output 
in the 
range of 10 volts with an output 
impedance of In. 


Accuracy 
is ±0.4% of full scale and the output 
is 


stable 
25J.lsec after 
the eight 
bit binary 
data 
is 
loaded 
into the appropriate 
latch. The latches are 
loaded 
by 
the 
write 
pulse 
(WR) 
whenever 
the 
proper 
address 
is presented 
to 
the MP-IO. The 


lower two addresses 
(AO and AI) 
are used inter- 
nally by the device_ Addresses A2 & A3 are com- 
pared 
with 
the address 
determination 
inputs 
B2 
and B3- If their signals are found to be equal, and 
if addresses 
A4-A13 
are all high, then the device 
is selected 
and one of the latches 
will be loaded_ 


Address 
bit A I selects between 
output 
I and out- 
put 2. If address bit AO is set then the initializa- 
tion 
channel 
of the DIA is selected. 
In order to 
prepare 
for operation 
a data pattern 
of 80H must 


Figure 4. MP-l0 Block Diagram 


be output 
to this channel following the reset of the 
device. 
A block 
diagram 
of the 
MP-20 analog to digital 
converter 
is shown in figure 5. This unit consists 
of a 
J 6 input analog multiplexer, 
an instrumenta- 
tion amplifier, 
an eight bit successive approxima- 
tion analog to digital converter, 
and control 
logic. 
The 
16 input 
multiplexer 
can be used 
to input 
either 
16 single 
ended 
or 
8 differential 
inputs. 
The output 
from the multiplexer 
is fed into the 
instrumentation 
amplifier 
which 
is configured 
so 
that it can easily be strapped 
for single ended 0-5 
volt inputs, single ended ±5 volt inputs, or differen- 
tial 0-5 volt signals. Provisions 
are made 
for an 
ex.ternal gain control 
resistor on the amplifier. The 
gam control equation 
is: 


G = 2 + 50kn 
~ 


EXTERNAL 


GAIN 
CONTROL 
RESISTER 
,-, 
"'t_T 


With no Rext (Rext = 00) the gain is two and the 
input is 0-5 or ±5 volts full scale. Adding all exter- 
nal resistor 
results in higher gain so that low level 
(±50mV) 
signals 
from 
thermocouples 
and strain 
gauges can be accommodated. 
The output 
from 
the 
amplifier 
is applied 
to the actual 
A/D con· 
verter 
which 
provides 
an eight 
bit output 
with 
guaranteed 
monotonicity 
and an accuracy of ±0.4'7r 


of full scale. Note that 
this accuracy 
is specified 
for the entire 
module, 
not just 
for the converter 
itself. 
The 
control 
logic monitors 
address 
lines 
A15 through 
A4 to determine 
when the address of 
the unit has been selected. An address that the unit 
will respond to is determined 
by I I address control 
pins, labeled A4 through 
A14. If one of these pins 
is tied to a logic 0 then the corresponding 
address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic I then the corresponding 
address 
pin must 
be low. If the address 
of the 
module 
is selected 
when MEMR pulse occurs, the 
lower four addresses (A3-AO) are stored in a latch 
which addresses 
the multiplexer. 
The coincidence 
of the proper 
address and MEMR also initiates 
a 
conversion 
and gates the output 
of the converter 
on to the eight bit data bus. 


The control 
logic of the MP-20 was designed to 
operate directly with an MCS-80™ system. When a 
MEMR occurs and a conversion is initiated 
the MP- 
20 generates 
a READY 
signal which 
is used 
to 
extend 
the cycle of the 8080A for the duration 
of 
the conversion. 
READY is brought 
high after the 
conversion 
is complete 
which 
allows 
the 8080A 
to initiate a conversion 
and read the resulting data 
in a single, albeit long, memory 
or I/O cycle. The 
conversion 
time of the MP-20 depends on the gain 
selected for the amplifier. With no external resistor 
(R = 00) the gain is two and the conversion time is 
35 IJsec. For R = 51on the gain is: 


G = 2 + 50kn 
== 
100 
.5lkn 


and the conversion 
time becomes 
1001Jsec. These 
settling times are specified in the MP-20 data sheet 
and 
range 
from 
35 
to 
175 microseconds. 
The 
READY timing is controlled 
by an external 
capa- 
citor. 
For 
a gain of 2 no external 
capacitor 
is 
required 
but if higher gains are selected a capacitor 
is needed to extend the timing. 


A schematic 
showing both the MP-IO D/A and the 
MP-20 A/D connected 
to the 8748 
is shown in 
Figure 
6. This 
configuration, 
which 
consists 
of 
only 
four 
major 
components, 
gives an excellent 
example 
of what 
modem 
technology 
can do for 
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the system designer. The four components 
provide: 


a. 
An eight bit microprocessor 
b. 
64 bytes of RAM 
c. 
1024 bytes of UV erasable PROM 
d. 
A timer/event 
counter 
e. 
16 digital I/O pins 
f. 
2 testable input pins 
g. 
An interrupt 
capability 
h. 
16 eight bit analog inputs 
i. 
2 eight bit analog outputs 


The MCS-48 communicates 
with the D/A and AID 
converters in a memory mapped mode (i.e., it treats 
the devices as if they were external 
RAM). By set- 
ting an address in either RO or R I and then execut- 
ing a MOVX the software can transfer data between 
the 
accumulator 
and 
the analog 
I/O. When the 
MCS-48 
executes 
the 
MOVX instruction 
it first 
sends 
the eight 
bit 
address 
out 
on the 
bus and 
strobes it into the 82 I2 latch with the ALE (Address 
Latch 
Enable) 
signal. After the address is latched, 
the MCS-48 uses the same bus to transfer data to 
or from the accumulator. 
If data is being sent out 
(MOVX a Rj, A) the WR strobe is used; if the data 
is being 
moved into the accumulator 
(MOVX A, 
oRj) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS-48 to meet 
the data set up specifications 
of 
the MP-IO. 
In order to provide reset capability 
for the analog 
devices 
without 
dedicating 
an I/O pin from 
the 
MCS-48, special addresses are used as reset channels. 
Executing any MOYXwith anaddressofOXXXXXXX 
will reset the A/D module; a similar operation 
with 
an address of X IXXXXXX will reset the D/A; a 
MOVX with an address 
of 0 IXXXXXX will reset 
both 
devices. All data transfers 
are accomplished 
with the upper two bits of the address field equal 
to 10. A summary 
of the addressing of the analog 
devices is shown in Table I. Notice that except for 
an initialization 
channel for the D/A (which must 


INPUT 
OR OUTPUT 


OXXX 
XXXX 
Reset 
AID 
X1XX 
XXXX 
Reset 
DIA 


INPUT 


001 
1 
n n n n 
Read AID Channel 
n n n n 


OUTPUT 


1 01 
1 
0001 
Initialize 
DIA 
1 01 
1 
0000 
Write 
Channell 
1 a 1 1 a a 10 
Write 
Channel 
2 


be written 
to 
following 
a reset 
to initialize 
its 
internal 
logic) all channels 
involve some form of 
data transfer. 


As 
was 
mentioned 
previously, 
the 
MP-20 
was 
designed 
to use the 
READY line of the 8080A. 
Obviously 
this presents 
a problem 
since the MCS- 
48 
does 
not 
support 
a READY 
line 
(with 
its 
attendant 
requirement 
of entering 
WAIT state). 
The necessity 
of a READY input can be overcome 
by performing 
a read operation 
to set the channel 
address, 
waiting the required 
delay (35 /.lsec for a 
gain of two) and then performing 
a second read to 
actually 
obtain the data. The second read will read 
in the data from the channel selected by the first 
read 
irrespective 
of the channel 
selected 
for the 
second 
read. Thus it is possible to use the second 
read to set up the channel 
for the third read. Each 
read can read in the current channel and select the 
next channel for conversion. 


The MP-20 is shown in Figure 6 strapped 
to input 
16 single ended 
±5 volts signals. Programs which 
were used to test this configuration 
are shown in 
Figure 7. The first of these programs uses the D/A 
converter 
to 
generate 
sawtooth 
waveforms 
by 
outputting 
an 
incrementing 
value 
to 
the 
D/A 
converters. 
The second 
program 
scans the analog 
inputs 
and 
stores 
their 
digital 
values in a table 
located in RAM. 
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TABLE LOOKUP TECHNIQUES 


In the previous section the interface between analog 
I/O devices and the MCS-48™ 
was discussed. 
In 
many applications 
involving analog I/O one quickly 
finds that 
nature 
is inherently 
nonlinear, 
and the 
mathematics 
involved in 'linearizing 
it' can tax the 
computational 
power of the microprocessor, 
partic- 
ularly 
if it has other 
tasks to perform. 
Problems 
of this nature 
are good candidates 
for the use of 
tables. 


As an example of how tables can be used as part of 
an analog output 
scheme, consider a system which 
requires an MCS-48 to output 
a variable frequency 
sinusoidal 
waveform. 
One method 
of performing 
this function 
would be to use the timer to generate 
an interrupt 
at a fixed rate of 256 times the desired 
output 
frequency. 
At each interrupt 
the appropriate 
value of the sine function 
could be calculated 
from 
the MacLaurin series: 


(_I)kx2k+1 
(2K + I)! 


Where K is chosen 
to be large enough to provide 
th:: required accuracy. 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976. 


The 
above 
calculation, 
although 
conceptually 
simple, 
would 
be 
time 
consuming 
and 
would 
severely limit the possible output 
frequencies which 
could be obtained. 
As an alternative 
to calculating 
these values in real time, the values could be precal- 
culated 
off line and stored 
in a table. Upon each 
interrupt 
the MCS-48 would merely have to retrieve 


the appropriate 
value from the table and output 
it to the 
D/A converter. 
the MCS-48 provides 
a 
special 
instruction 
which 
can be used 
to access 


data in a table. If the table is stored in the last 256 
bytes 
of the 
first 
kilobyte 
of MCS-48 memory 
then the table lookup can be performed 
by loading 
the 
independent 
variable 
(time in this case) into 
the accumulator 
and executing 
the instruction. 


This 
instruction 
uses the 
initial 
contents 
of the 
accumulator 
to 
index 
into 
page 
3 of 
program 
storage. 
The location 
pointed 
to is read and the 


contents 
placed in the accumulator. 
lf (as is often 
the 
case) 
a table 
of 
fewer 
than 
256 entries 
is 


required, 
then the table can be located in any page 
of program memory and the instruction: 


MOVPA,@A 


can be used to retrieve 
data from the table. This 


instruction 
operates 
in the same manner 
as does 


the 
previous 
instruction 
except 
that 
the current 
page 
of 
program 
storage 
is assumed 
to contain 
the table. 


lf 
it 
is possible 
to devote 
slightly 
more 
of the 
microprocessor's 
time to the table look up process, 


then a much smaller table can often be utilized by 
taking 
advantage 
of 
interpolation 
to 
determine 
values of the 
function 
between 
values which are 


actual entries 
in the table. 
As an example of this 
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inter 


process consider 
the hypothetical 
system shown in 
Figure 8. The purpose of this system is to measure 
the flow through 
the three 
pipes, add them, 
and 
display 
the total 
flow on the control 
panel. The 


system consists of three flow meters which generate 
a differential 
voltage 
which 
is some 
function 
of 
flow, an A/D system with at least three differential 
inputs, 
an 
MCS48, 
and 
a 
control 
panel. 
The 


schematic 
shown 
in Figure 6 could easily become 
part of this system, 
with the spare digital I/O of 
the MCS48 
used 
as an interface 
to the control 
panel. The simplicity 
of this system is clouded by 
the flow transducers, 
which are assumed to be not 
only nonlinear 
but also to require individual 
cali- 


bration 
(this is not an unreasonable 
assumption 
for 


a flow transducer). 
By using a table look up process 


and an 8748 the flow transducers 
can be calibrated 
and 
the 
results 
of 
the 
calibration 
tests 
stored 
directly 
in tables 
in the 8748. 
(The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such 'one off' programmin, 
oractical.) 
The results which might be obtained 
from calibra- 
ting one of the flow meters is shown in Figure 9. 
The 
results 
are 
plotted 
as gals/hour 
versus 
the 
measured voltage generated 
by the transducer. 
The 
voltage 
is shown 
in hexadecimal 
form so that 
it 


corresponds 
directly 
to the digital output 
of the 
analog 
to digital converter. 
The flow required 
to 


generate seventeen evenly spaced voltages (OH-I OOH 
in steps of 10H) has been measured 
and plotted. 
This 
information 
is shown 
in 
tabular 
form 
in 
Figure 
10. It is necessary 
to generate 
a program 
which will convert 
any measured 
input from OOH 
to FFH into the flow in units which can be inter- 
preted 
by a human 
operator. 
This can easily be 
done by simple interpolation. 
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The eight bits of independent 
variable (voltag.:) can 
be looked on as two four bit fields. The most signi- 
ficant four bits (74) 
will be used to retrieve one of 
the table values. The lower four bits (3-D) will be 
used 
to 
interpolate 
between 
this value and 
the 


value retrieved from the next higher location 
in th.: 


table. If the upper four bits are given the symhol I 
and 
the 
lower 
four 
bits the symbol 
N, then 
the 
interpolation 
can be expressed as: 


F(x) 
~ F(I) 
+ ~ 
[F(I+1) - F(I)] 


Where x is the measured 
voltage and F(x) is the 
• 
corresponding 
flow. 


If, 
as 
an 
example, 
the 
transducer 
voltage 
was 


measured 
as 48H 
then 
the flow (ref. Figure 
10) 
would be: 


8 
F = 30 + 16 (34-30) 
= 32 


A subroutine 
which implements 
this calculation 
is 
shown in Figure II. Before it is called the inu"l'l'n- 
dent variable (V) is placed in the accumulator 
anu 


register 
R I is set to point at the first value in the 


table. Aside from simple additions 
and subtractions 


the only 
arithmetic 
required 
is to multiply 
two 
values and then divide them by 16. The multiplica- 
tion 
is handled 
via a subroutine 
which 
is also 


shown in Figure II. The division by 16 can be per- 
formed 
by a four place right shift followedhy 
a 


rounding 
operation. 
The routine shown will hanule 


a monotonic 
increasing 
function 
of a single inde- 
pendent 
variable. 
Fairly simple modifications 
are 


required 
for nonmonotonic 
functions. 
Functions 


of two variables can be handled by interpolating 
on 
a plane rather than along a straight line. Although 
this is more 
time 
consuming, 
requiring 
an inter- 
polation 
for each of the independent 
variables and 
a third 
to 
interpolate 
the 
final 
answer, 
it still 
provides a simple means of quickly 
calculating the 


required 
function. 
The use of tables can offer a 


powerful 
technique 
for function 
evaluation 
to the 
designer. 


RECEIVING SERIAL CODE-BASIC 
APPROACHES 


Many microprocessor 
based systems 
require some 
form of serial communication. 
Serial communica- 
tion 
is extensively 
used because 
it allows two or 
more pieces of equipment 
to exchange information 
with a minimal 
number 
of interconnecting 
wires. 


The minimization 
of interconnecting 
wires results 


in simpler, 
cheaper, 
interconnects 
because 
fewer 
(or 
smaller) 
cables 
and 
connectors 
are required. 


Since the required 
number 
of drivers and receivers 
required 
is reduced, 
it can become 
economically 
feasible 
to provide 
much 
higher 
noise immunity 
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with 
more 
sophisticated 
(and 
expensive) 
line 
terminators. 
The 
final, and 
usually 
most persua- 
sive, argument 
in favor of serial communication 
is that 
it may 
be the 
only 
method 
available 
to 
accomplish 
the 
job. 
The 
obvious 
example 
of 
this 
is telecommunications 
where 
it is necessary 
to encode 
parallel information 
into serial format 
in order 
to communicate 
via the 
telephone 
net- 
work. 
The intent 
of this section 
is to show how 
the facilities 
of the MCS-48™ 
can be brought 
to 
bear on the problem of serial communication. 


, 
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Probably 
the 
most 
common 
form of serial com- 
munication 
is that used by the obiquitous Teletype- 
serial ASCII. This fonnat, 
shown in Figure 12, con- 
sists of a START 
bit (0 or SPACE) followed 
by 
eight data bits which are in turn followed by two 
STOP bits (lor 
MARK). 
In actual 
practice 
the 


eighth data bit usually 
consists 
of even parity on 
the remaining 
seven data bits; for the purposes 
of 
this discussion 
the eighth 
bit will be considered 
only 
as data. 
A minor 
variation 
of this 
format 
deletes one of the STOP bits. An algorithm 
which 
might be used to sample serial data under software 
control 
using a microprocessor 
is shown in Figure 


13. Th~ basic intent 
of this algorithm 
is to mini- 
mize the effects of distortion 
and transmission 
rate 
variations 
on the reliability 
of the communication 
by sampling 
each data bit as close to its center as 
possible. 
Upon entry 
to this routine 
the software 
first samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, 
a second loop is entered during 
which 
the software 
waits until 
the received data 
goes to a SPACE (logical zero). The purpose of this 
construction 
is to detect 
as accurately 
as possible 
the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the 
following 
bits 
in the character. 
After 
sensing the leading edge of the START bit a wait 
of one half the expected 
bit time is implemented. 


The period 
of the incoming 
signal is called P for 
convenience. 
At the end of this wait the serial line 


is tested-if 
it is MARK then the START bit was 


invalid and the process is reinitialized. 
If the line is 
still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. 
At 
the completion 
of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process 
is repeated 
until 
all eight data bits 
have been sampled. The last bit sampled is checked 
to determine 
if it is a valid STOP bit (a MARK). If 


it is, the character 
is assumed 
to be valid; if it is 
not, 
the character 
has a framing error and is pro- 
bably invalid. A listing of a program 
which imple- 
ments the above procedure 
is shown in Figure 14. 


A disadvantage 
of the approach 
outlined 
in Figure 
13 is that 
while 
the 
processor 
is inputting 
data 
serially it must 
totally 
dedicate 
itself to this task. 
Accurate 
timing 
can 
only 
be maintained 
if the 
program 
remains 
in a tight 
wait 
loop 
without 
allowing 
itself 
to be diverted 
to other 
functions. 
During 
reception 
of a character 
from a Teletype 


the processor 
will spend only a 100J.lsecsor so pro- 
cessing data and the rest of the 100 millisecs wait- 
ing to do the processing at the right time. This lack 
of efficiency (approximately 
0.1 %) in the utilization 
of processing 
power 
is why devices such 
as the 


8251 
USART 
find 
broad 
application 
in micro- 
processor systems. 
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The 
8251 
USART 
is simple 
to interface 
to the 
MSC-48. 
Figure 
15 shows such an interface. 
The 


USART requires a high speed clock (CLK), an ini- 
tilization 
signal (RESET), 
data 
clocks 
(TxC and 
RxC), 
and 
data 
in order 
to 
operate. 
A circuit 
showing 
the connection 
of an 8748 
to an 8251 
USART is shown in Figure 15. In the circuit shown 
the high speed 
clock 
(which 
is used for internal 
sequencing 
by the USART) 
is provided 
by con- 
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necting 
the CLK signal of the USART 
to the TO 
pin of the MCS-48. The TO pin of the MCS-48 
can either 
be used as a directly 
testable 
input pin 
or it can become, 
under prognm 
control, 'an out- 
put pin which oscillates at one third of the crystal 
frequency. 
(Note 
that 
once this pin is designated 
by the software 
to be an output 
it will remain so 
until 
the system is reset.) In Fig,ure 15 the crystal 
frequency 
is 5.9904 MHz so the clock provided to 
the 
8251 
is 1.9968 MHz, which conforms 
to its 
specifications. 


The initialization 
signal to the USART (RESET) is 
provided 'programmatically 
by manipulation 
of bit 
5 of port 2. It was necessary to place the reset of 
the 8251 under 
program 
control 
for two reasons. 
The first reason is that the MCS-48 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function 
instead of a RESET OUT signal 


from 
the MCS-48. Although 
this situation 
could 
have been circumvented 
by the use of an externally 
generated 
reset which drove both the MCS-48 and 
the 8251, the second reason for program control of 
the reset to the USART still stands. The USART 
requires 
the 
presence 
of the CLK signal during 
reset 
in order 
to 
properly 
initialize 
itself. 
The 
ENTO CLK instruction 
which 
the MCS-48 must 
execute 
before the 8251 will receive the CLK can 
obviously 
not be executed 
until after 
the system 
reset 
has ended. 
Reset 
of 
the 
USART 
can 
be 
accomplished 
by the following code segment: 


ENTO 
ORL 
MOV 
LOOP: DJNZ 
ANL 


CLK 
P2, #OOIOOOOOB 
R2, #DELAY 
R2,LOOP 
P2,#1l011l1lB 


; TURN ON CLOCK 
; START RESET 
; DELAY USART 
; RESET TIME 
;END RESET 


This code first enables the clock, then asserts the 
reset 
signal of a time 
period 
determined 
by the 
constant 
DELAY. 
The 
delay 
invoked 
is (10 
+ 
5*DELA Y) 
microseconds 
for 
DELAY 
>0. 
The 
USART requires 
a reset of approximately 
6 CLK 
periods so DELAY is chosen to be I which ensures 
adequate 
reset 
timing. 
Note 
that 
for delays this 
short, NOP instructions 
could also be used to time 
the pulse. 


The data clocks required 
by the USART are pro- 


vided by the modem if the USART is operated 
in 
the 
synchronous 
mode. 
In 
the 
more 
common 
asynchronous 
mode, 
however, 
these 
clocks must 
be provided by circuitry associated with the 8251. 


The 
5.9904 
MHz crystal 
was chosen because 
the 
resulting 
1.9968 MHz clock to the USART can be 
evenly 
divided 
to 
provide 
transmit 
and 
receive 
clocks to the USART. Assuming the USART is in 
the x 16 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1.9968 MHz signal can be divided 
by 13 to generate 
the proper clock rate for 9600 
baud 
operation. 
This 
9600 
baud 
clock 
can 
be 
further divided to give 4800, 2400, 1200, 600, and 
300 
baud 
signals. The 
1200 baud 
signal can be 
divided by I I to give a 109.1 baud signal which is 
within I% of the 110 baud required by Teletypes. 


The 
MCS-48 
communicates 
with 
the 
8251 
in a 
memory 
mapped 
mode 
(i.e. as if the 8251 were 
external 
RAM). The 
instructions 
available 
to do 
this are MOVX oRj, A which stores the contents 
of 
the 
accumulator 
at 
the 
external 
RAM location 
addressed 
by Rj U=O or I), and its complement, 


the MOVX A, @ Rj instruction 
which moves data 
from 
the 
external 
RAM into 
the 
accumulator. 


Since the MCS-48 multiplexes 
addresses 
and data 
on the same eight bit bus an external 
latch would 
be required 
in order 
to address the USART with 
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If 
TXRDY·' 
THEN 
DO, 
OUTPUTVALlIE: 


I HCR£!'£HT 
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EHD: 
EHO; 
A,_STAT 
P2,A 
A.OAI 
; (COMTEMTSor "I 
~I~TAMT) 
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.,VAL 
P2,.PlAS« 
OAI,A 
VAL 
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RO or R I. In order to minimize 
the circuitry 
in 
Figure 
IS an approach 
utilizing 
some of the I/O 
pins of the MCS-48 to address the 8251 was chosen 
instead. 
By connecting 
the chip select (CS) input 
of the 8251 to bit 7 of port 2 (P27) and similarly 
connecting 
the C!f5 address line of the 8251 to bit 
6 of port 2 (P26) it is possible to address the 8251 
without 
using RO or RI. The instruction 
sequence 
to access the 8251 is to first reset P27 and set P26 
to the appropriate 
state, use a MOVX instruction 
to 
perform 
the 
appropriate 
operation, 
and 
then 
finally set P27 to deselect the 8251. As a concrete 
example 
of this addressing, 
Figure 
16 shows the 
code necessary to initialize the 8251 and output 
an 
incrementing 
test pattern 
on a status driven basis. 


If more than one 8251 were to be added 
to the 
MCS-48, or if other 
types of peripheral 
circuitry 
would be required 
(e.g. an 8253 timer to generate 
the data clocks) it would probably become desirable 


to add the circuitry 
necessary to use RO or R I to 
address the peripheral 
devices. The circuitry 
which 
has to be added to Figure 
IS in order to make use 
of RO or RI to address 
the USART 
is shown 
in 
Figure 
17. Note that only the changes to Figure IS 
are shown. The additional 
component 
required 
is 
the 8212 eight bit latch. This latch is loaded, when- 
ever a valid address 
is on the bus by the Address 
Latch 
Enable (ALE) signal provided by the MCS- 
48. 
During 
an external 
read or write 
cycle 
this 
address 
is used 
to address 
the 
8251 
in a linear 
select mode. In the circuit shown, the 8251 will be 
selected 
by any address with bit 
I a logical zero 
(XXXXXXOX) and the selection of control or data 
transfer 
(C/O) 
will be based 
on bit zero 
of the 
address obtained 
from RO or R I. Figure 
18 shows 
the 
program 
of Figure 16 modified 
to utilize the 
addressing 
inherent 
in 
the 
MOVX 
instructions. 
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RECEIVING 
SERIAL CODE-A 
MORE 
SOPHISTICATED 
ALGORITHM 


Although 
the USART 
does an admirable 
job of 
performing 
the serial I/O function 
for the MCS- 
48™ , there are some situations 
where it can not be 
used. These situations 
may be caused by economic 
factors, such as an extremely 
cost sensitive design, 


or because the code which must be utilized cannot 
be accommodated 
by the USART. An example of 


of such a code will be discussed later, Recall that 
the principal 
objection 
to the approach 
to serial 
input 
shown 
in Figure 
13 was that 
it consumes 
much of the processor's 
power by merely spinning 
in loops in order to wait preset time delays. 
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The timer resident on the MCS-48 provides a solu- 
tion to this problem. 
Instead of spinning in a loop 
the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt 
will be generated 
to notify 
the 
software 
that 
the 
present 
time 
period 
has 
elapsed. 
An extension 
of the algorithm 
of Figure 
13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced- 
ing one up until the detection 
of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start additional 
process- 


ing. At 
the 
completion 
of 
this 
time 
interval 
a 
timer 
overflow 
interrupt 
is generated. 
When the 
first interrupt 
is detected, 
the serial line is checked 
to ensure 
that 
it is in a spacing condition 
(valid 
START bit). Ifit is, the timer is set to P (to sample 
the middle 
of the 
first data bit) and a return 
is 
made to the program which was running when the 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976. 


interrupt 
occurred. 
If the serial line has returned 
to 


the MARK state, a status flag is set to indicate 
an 
error and a return is made. On subsequent 
interrupt 
detection, 
the data is sampled, the timer is reiniti- 
ated, and control 
is returned 
to the program which 
was running 
when 
the interrupt 
occurred. 
When 
the last (i.e. STOP) bit is detected 
a completion 
flag is set and a return 
is made to the program 
running 
when 
the 
timer 
overflow 
occurred. 
By 


periodically 
checking 
the 
error 
and 
completion 
flags the running program can determine 
when the 


interrupt 
driven 
receive 
program 
has a character 
assembled for it. 


Using the timer to implement 
time delays as shown 
in 
Figure 
19 results 
in considerable 
savings 
in 
processing 
time; 
two 
problems 
remain, 
however, 


which must be solved before an adequate 
software 


solution 
to the problem of receiving serial code can 
be found. The first problem is that even though the 
delays 
between 
bit samples 
are implemented 
via 


the timer rather than program loops the loop con- 
struction 
is still used to detect 
the leading edge of 


inter 


the START bit. Although 
this results in the waste 
of processing 
power, 
the second 
problem 
is even 
more 
serious. 
For 
longer 
messages 
the required 
accuracy 
of the clocks 
becomes 
more and more 
stringent. 
Using the sampling technique 
discussed 
a cumulative 
error 
of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous 
reception. 
The maximum 
timing error 
which can be tolerated 
and yet still allow proper 
detection 
of an I I bit ASCI1 character 
is then: 


0.5*BIT TIME 
0.5P 
Emax = CHARACTER 
TIME - TIP = 4.5% 


where P is the period of single bit. The correspond- 
ing 
calculation 
for 
a 
32 
bit 
character 
yields: 


Emax = ~i~ 
= 1.6% 


Since this calculation 
does not allow for distortion 
on the signals, it is obvious that either extremely 
stable 
clocks will be required 
or a more tolerant 
algorithm 
must be devised. This problem 
is parti- 
cularly serious at relatively high baud rates where 
the resolution 
of the counter 
(80~secs with a 6 MHz 
crystal) 
becomes 
a significant 
percentage 
of the 
period of the received signal. At the 110 baud rate 
of the Teletype 
the 80~sec resolution 
of the clock 
allows 
a maximum 
accuracy 
of 0.33%; at 2400 
baud this figure is reduced to 3.8%. 
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Figure 20. Detecting RxD Edges 
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Both efficient detection 
of the start bit and increas- 
ed timing accuracy can be obtained 
if the MCS48 
can detect 
edges on the incoming 
received 
data 
(RxD). 
A hardware 
construct 
which 
allows 
this 
is shown in Figure 20. 


The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (TI) 
pin of the MCS48. 
By manipulating 
P27 the pro- 
gram can now cause TI to be either RxD or RXD. 
(If P27 = I then TI = RxD; if P27 = 0 then TI 
= 
RxD.) Note that not only can TI be tested directly 
by the software 
but that 
it is the input 
which is 
• 
used when the MCS48 timer is in the event counter 
mode. 
The significance 
of this 
will be discussed 
later. The relationship 
between 
TI, P27, and RxD 
is given by the Boolean expression: 


Figure 21 flowcharts a means of utilizing this hard- 
ware construct 
to avoid the necessity 
of wasting 
time in program loops to detect the leading edge of 
the start 
bit. The receive 
operation 
is initialized 
when 
the program 
desiring 
to receive serial data 
calls the INIT subroutine 
(Figure 21 a). Since INIT 
is going to manipulate 
the timer the first action it 
performs 
is to disable the timer overflow interrupt. 


Its next step is to set P27 to a logical I. Setting 
P27 in this manner causes the TEST I input to the 
MCS48 
to follow 
RxD. By setting up the receive 
circuitry 
in this manner 
a high to low transition 
will occur 
on TEST 
I when the RxD goes from 
the MARKING to SPACING state (i.e. the START 


bit 
occurs). 
By setting 
the 
timer 
to 
OFFH and 
enabling 
it 
in the event 
count 
mode, 
the 
INIT 
routine 
sets up the MCS48 
to generate 
a timer 
overflow 
interrupt 
on the next MARK to SPACE 
transition 
of RxD (the TEST 
I input 
doubles 
as 
the event counter 
input). 
Before returning 
to the 
calling program the INIT routine 
sets a flag (RDF) 
which will be cleared by the receive program when 
the requested 
receive operation 
is complete. 
INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets BCOUNl as follows: 


BCOUNT~ 
..... 
v 
J 


Number of bits remaining 
to receive 


If set indicates that the 
START bit has not yet been 
detected 


If set indicates that the 
START bit has not yet been 
verified 


In order 
to request 
the reception 
of the 
II 
bit 
ASCII code INIT would set BCOUNT to 1100101 lB. 
The start bit has been neither verified nor detected 
and II bits (lOIIB) 
are required. 


After INIT is called the reception 
of the individual 
serial data bits will proceed on an interrupt 
driven 
basis until a complete character has been assembled. 
When this occurs the interrupt 
driven program will 
set the RDF (Receive Done Flag) to a zero to indi- 
cate that it has completed 
the requested 
operation 
and then terminate 
itself. The procedure 
which is 
used 
to accomplish 
this is shown 
in Figures 21b 
and 21c. 


Since all operations 
of this program are the result 
of the occurence 
of a timer overflow interrupt, 
it 
is necessary to briefly review the interrupt 
structure 
of the MCS48. 
There are two sources of interrupt; 


an external interrupt 
which is the result of a logical 
zero signal applied 'to the INT pin of the MCS48, 
and 
an 
internal 
interrupt. 
which 
is caused 
by a 
timer 
overflow 
condition. 
The 
timer 
overflow 
occurs 
whenever 
the 
timer 
is incremented 
from 
OFF H to zero whether 
it be in the timer or event 
count 
mode. When one of these events occurs the 
hardware 
in the MCS48 
forces the execution 
of a 
CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt 
and location 
7 if it is due to a timer overflow. If both of these 


inter 


events occur simultaneously 
the external 
interrupt 
will 
take 
precedence. 
The 
CALL 
automatically 
saves the contents 
of the program counter 
for the 
running 
program 
and 
its 
PSW (program 
status 
word) 
on a stack the hardware 
maintains 
in RAM 
locations 
8-23. 
Although 
the 
hardware 
saves the 
program counter 
and PSW, it remains the responsi- 
bility 
of any interrupt 
driven 
software 
to make 
absolutely 
certain 
that 
it 
does not 
modify 
any 
memory 
locations 
or 
registers 
which 
are being 
used by the main program. 
The most convenient 
way of ensuring this in the MCS-48 is to dedicate 
the second bank of registers (RB I) to the interrupt 
driven 
program. 
One of these registers has to be 
used to save the accumulator 
(which is not part of 
the 
register 
bank) 
but 
seven 
registers 
remain; 
including 
two which can be used as pointers to the 
rest 
of the RAM (RG and R I). Note that 
if this 
approach 
is taken 
then these registers have to be 
allocated 
between 
the program which services the 
external 
interrupt 
and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware 
lockout 
which prevents 
the timer 
overflow 
interrupt 
from interrupting 
the external 
interrupt 
service 
routine 
and vice versa. This is 
implemented 
by locking out new interrupts 
between 
the time an interrupt 
is recognized 
and the time a 
RETR instruction 
is executed. 
The RETR instruc- 
tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. 
The 
RETR 
instruction 
can be very 
much thought 
of as a return from interrupt 
instruc- 
tion in the MCS-48. 


The receive program under discussion uses register 
bank I in the manner described. 
Whenever a timer 
overflow occurs (e.g. on the next MARK to SPACE 
transition 
of RxD after 
INIT is called), control 
is 
passed (by the hardware 
generated 
CALL) to the 
point 
labled 
TIMER 
OFLO 
in Figure 
21 b. This 
program segment immediately 
selects register bank 
I (RB I) and then saves the accumulator 
(A) in a 
location 
called 
ATEMP which 
is actually 
R7 of 
RB I. The program then tests bit seven of BCOUNT 
(R6 of RBI) to find out if a START bit has been 
verified 
(i.e. the edge of the START bit has first 
been detected 
and then verified to still be a SPACE 
one-half a bit time later. If BCOUNT [7] is a zero 
the START has been verified and the program pro- 
ceeds to set the timer to P (the period of the serial 
bit), get the current 
serial data into the carry bit, 


and 
then 
shift 
the carry bit into a buffer. 
After 
saving the data the program decrements 
BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation 
is complete 
so the program sets RDF to 
a 
zero 
and 
disables 
timer 
overflow 
interrupts. 
Whether or not BCOUNT is zero, control is passed 
to EXIT 
where 
A is loaded with ATEMP and a 


RETR 
is executed. 
Note 
that 
since the state 
of 
the flip flop which selects RB I is saved as part of 
the PSW, the execution 
of RETR 
automatically 
selects 
the register 
bank 
which 
was active when 
the interrupt 
occurred. 


If BCOUNT [7] 
is still set when it is tested, 
con- 
trol is passed to START (Figure 21c) where bit 6 
is tested 
to 
determine 
if the 
START 
has been 
detected 
yet. 
If BCOUNT 
[6] 
is set it indicates 
that this is the first occurrence 
of a timer overflow 
since 
the 
receive 
process 
was initialized 
by the 
INIT subroutine. 
If this is so, the program assumes 
that 
the START bit has just started 
and therefore 
it sets the timer to one-half of a bit time (1/2 P), 
starts 
the 
timer 
in 
the 
timer 
mode, 
and 
clears 
BCOUNT 
[6] to indicate 
that the START bit has 
been detected. 
The next overflow will again result 
in the execution 
of the program in Figure 2 Iband 
again BCOUNT 
[7] 
will be found to be set. This 
time, however, BCOUNT [6] will be reset and the 
program 
will know that it should test the START 
bit to ensure 
that 
it is still a SPACE. This test ~s 
performed 
and if successful 
the timer is set for a 
bit period 
P and BCOUNT [7] 
is reset so that on 
the next occurrence 
of a timer overflow the pro- 
gram 
will know 
that 
it should 
start 
assembling 
serial bits into a character. 
If the test is unsuccess- 
ful, the subroutine 
INIT is used to reinitialize 
the 
receive program. 
In either case control is passed to 
EXIT where a return 
from interrupt 
mode occurs. 


This receive program, 
listings of which appear 
in 
Figure 22, allows the reception 
of serial characters 
transparently 
to the main running software. 
After 
INIT is called the main program has only to check 
RDFperiodically 
to find out if there is data in the 
buffer 
for it. It would be fairly easy to 'double 
buffer' 
this operation 
by providing a buffer which 
the receive program uses to deserialize the incom- 
ing code and a second buffer to store the assembled 
character. 
If the program 
would reinitialize 
itself 
upon 
completion, 
the 
reception 
of 
a string 
of 
characters 
could proceed in much the same way as 
it would if a status driven USART were being used. 


Although 
this program solves the first problem 
of 
software 
controlled 
reception 
(lack of efficiency) 
the 
sc:cond 
problem-sensitivity 
to 
frequency 
variations-remains. 
An example 
of a code which 
would be susceptible 
to this problem 
is the 3 I ,26 
BCH code commonly 
used in supervisory 
control 
systems. 
(A 
supervisory 
control 
system 
is, 
in 
essence, 
a remote 
control 
system 
which allows a 
human 
or 
computer 
operator 
the 
control 
of a 
system via a serial communications 
link.) The BCH 
codes 
are 
used because 
of their 
error 
detection 
capabilities 
and are a class of cyclical redundancy 
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BCOUtH17I",; 


END; 
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TIMER; 


BCOUHTl6J·'; 
[ND; 
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A,seOUHT 
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BCOUNT ,A 


DISABL[ 
INT[RRUPTS: 


P2701; 


TlMER-·1; 


START 
[VENT 
COUNT; 
Ror- 
1; 


&COUNT-.CIH 
OR 
BITNO 
[NO; 


[NO "'in· 


TCNTI 
P2,1f8'H 
A,If-l 
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RU, 
#RDr 


@RX',#81H 
RllI,#1[H 
POINTATBCOUNT 


@RllI, 
# <lC'H 
OR 
BITHO} 


TCNT[ 


codes such as those used in synchronous 
data com- 
munications 
(e.g. BISYNC or SDLC). BCH codes, 


named 
for their originators 
Bose, Chaudhuri, 
and 
Hocquenghem, 
are characterized 
by having a length 
of n=2m-l, The number 
of redundant 
check bits 


can be mt where t is a positive integer (clearly mt 
';;;;n).The 31,26 code fits this format with m=5 and 
and t= I. The length of each message is n=25-1 =31 
with 5*1 redundant 
bits, leaving 26 bits available 
for data 
transmission. 
With an appropriate 
poly- 
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BCOUHToBCOOHT·1 
; 


If 
SCOUNT", 
THEH 


BCOUNT,SE:XIT 
DO, 


RDf·,: 


DISA9l..E 
EX 
INT; 
[NO; 
IU',#IlOF'. 


ORXI,A 


TCNT! 


nominal 
BCH codes can detect all errors consisting 


of 2t error bits and all burst errors of mt or fewer 
bits. The 31,26 BCH code will therefore 
detect any 


erroneous 
messages with I or 2 errors or bursts of 


errors of less than 5 bits. The 31,26 format (shown 
in Figure 23) requires 
the reception 
of a start bit 


followed 
by 31 information 
bits, clearly beyond 


the capability 
of the USART but perhaps 
within 


reach of a program controlled 
approach 
using the 


MCS-48 itself. 
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Figure 23. 31,26 BCH Code 


A concept 
which reduces 
sensitivity 
to frequency 
deviations 
and thus allows the reception 
of longer 
codes is shown 
pictorially 
in Figure 24. The first 
line of this timing chart shows an alternative 
ones 
and zeros pattern 
on the RxD with a period of 5 
milliseconds. 
The 
second 
line 
shows 
that 
by 
sampling 
at a period of exactly 
5 milliseconds 
the 
data 
can be properly 
interpreted. 
The third 
and 
fourth 
lines show the effects 
of sampling 
with a 
period of six and four milliseconds respectively. 
In 
either 
case, an error 
occurs 
at the 
third 
sample 
where both 
periods 
result in sampling on an edge 
of the 
RxD signal. The 
third 
line of Figure 
24 
shows a hybrid 
sampling scheme which, based on 
some 
additional 
information, 
switches 
sampling 
periods between 
the two values. As can be seen in 
Figure 24, the data is sampled with a 4 millisecond 
period until the sampling begins to fall behind the 
data; at this point the sampling period is increased 
to six milliseconds 
and the sampling 
first catches 
up and then passes the center point of the data. As 
soon as this happens, 
the sampling 
period reverts 
to the 4 millisecond 
period and the cycle repeats. 
It can be seen that 
this scheme sets up a pattern 
which 
repeats 
indefinitely 
and 
the data 
can be 
successfully sampled. Note that the sampling pattern 
established 
is alternating 
periods 
of four and six 
milliseconds. 
The average period of this pattern, 
as 
might be expected, 
is 5msec. Line 5 of Figure 24 


shows the effect of a change in transmission 
speed 
to a period 
of 5.5 msec with 
no change in the 


sampling time. The sampling is again successful but 
the new sampling 
pattern 
is 4-6-6-6; 4-6-6-6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 


4 
Smsec 
PERIOD 


HYBRID 
SAMPLE 
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does seem to work, the question of what additional 
information 
is needed remains. 


The MSC48 must somehow decide when it is drift- 
ing out 
of synchronization 
and 
take 
corrective 
action. 
By referring 
back to Figure 24 it can be 
seen that if the MCS48 could determine 
where the 
edges of RxD occurred with respect to its sampling 
times 
then 
the additional 
information 
would 
be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 


If an edge on the RxD 
line occurs during the 
first half of the cu"ent 
sampling period, then 
use the short period for the next sample. If an 
edge occurs during the second halfoftheperiod, 
then use the long sampling period for the next 
sample. 


If the data on the RxD line does not change, of 
course, the MCS48 will drift out of synchronization 
just as the original algorithum 
did. As long as edges 


occur 
on TxD, 
however, 
synchronization 
can be 
maintained. 
To 
maximize 
the 
allowable 
time 
between 
edges, 
the 
following 
addition 
could 
be 
made to the above rule: 


If no edge occurs on the RxD 
line during a 
sample, then change sampling period from short 
to long or vice versa. 


Note 
that 
this addition 
to the rule will result in 
using an average of the two sampling periods when 
no edge occurs for several bit times. 


The edges of RxD can be easily detected 
by the use 
of the same structure 
(the Exclusive - 
NOR gate) 
which was added to the MCS48 in Figure 20. This 
gate, 
which 
is used 
to detect 
the edge on RxD 
which begins the START bit, can naturally 
be used 
to detect any edge. Since the timer is being used to 
time the bit period, however, the event count input 
(TI) is not useful during the receive itself. By con- 
necting 
the output 
of this gate, however, 
to the 
IN"F 
input 
to the MCS48 
(see Figure 
25) it is 
possible 
to detect 
edges on RxD with 
the event 
counter 
when the program 
is trying to detect 
the 
START bit and by the external interrupt 
when the 
program is using the timer to control the sampling 
times. 
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Vss 
DO 


EA 
AESET 


A modification 
to the program of Figure 21 which 
implements 
this new sampling algorithm 
is shown 
in Figure 26. The first deviation 
from the original 
program is the addition 
of a routine (XISR, Figure 
26a 
which 
is called when 
an external 
interrupt 
occurs 
(i.e. when 
an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores 
the current value of the timer register 
in a location 
called 
SNAP (R5 
of RB I). After 
doing these operations 
the program 
complements 
bit 7 of port 
2. Manipulating 
P27 in this manner 
will cause the Exclusive NOR gate to turn off the 
external 
interrupt 
and will set it up to generate 
another 
interrupt 
when the RxD line changes again 
(has another edge). 


conditIOn KxV With hardware tllters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated 
CALLs to XISR and probable 
erroneous 
operation. 
The 
changes 
to 
the 
START 
process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half the 
average of the two 
sample periods 
when 
the START bit is first detected 
(BCOUNT 
[6] 
= I), and second 
the processing 
of the edge 


information 
is initialized 
by presetting 
SNAP and 
clearing P27. 


SNAP is preset so that when the reception 
of data 


actually begins (Figure 26b BCOUNT [7] = 0), the 
decision 
block 
which 
tests 
SNAP against 
LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine 
if the sampling point is ahead or behind 
the 
actual 
midpoint 
of 
the 
serial 
data. 
If the 
sampling 
is ahead then the timer is set for TMIN; 


if the sampling 
is behind then the timer is set for 


TMAX. By presetting 
SNAP in the manner shown 


in the flowcharts 
the second rule of the algorithm, 
(if 
no 
edge 
appears 
on 
the 
RxD 
line during a 


sample, 
then change the sampling periods short to 


long or vice versa) is automatically 
met. If an edge 
occurs 
then XISR will modify 
SNAP, if XISR is 
not invoked between 
two samples then the choice 


of 
timer 
periods 
will alternate. 
The only 
other 


significant 
change to the algorithm is that the INIT 
routine 
must now lock out all interrupts, 
not just 
the timer overflow interrupt, 
while it is operating. 
A program 
which uses this algorithm 
to receive a 


32 bit message is shown in Figure 27. 
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inter 


indicated 
in all but the most cost sensitive applica- 
tions. 
An exception 
to this rule occurs when the 
system, 
although 
full duplex 
in nature, 
actually 
transmits 
the same data as it receives. An example 
of this is a microprocessor 
driving a terminal 
such 
as a Teletype. 
Although 
the circuit to the terminal 
is full duplex, the data that is transmitted 
is generally 
the same as that received. A minor modification 
to 
the program shown in Figure 26 would implement 
this mode of operation. 
The modification 
would be 
to the XISR 
routine 
and it would add the code 
necessary 
to place the TxD I/O pin in the same 
state 
as the RxD line. Since any change in RxD 
results 
in a call to XISR, this modification 
would 
cause 
the 
retransmission 
of 
any 
received 
data. 


Whenever 
it becomes 
necessary 
to transmit 
data 
which is not being received, the program of Figure 
28 could be used in a half duplex manner. 


Serial transmission 
is conceptually 
far simpler than 


serial reception since no synchronization 
is required. 


All that is required 
is to use the timer to generate 
interrupts 
at the bit rate and present the character 
to be transmitted 
serially at an I/O pin. A program 


which does this is shown in Figure 28. The trans- 
mission of serial data becomes much more compli- 
cated if it must occur simultaneously 
with reception. 


If both 
reception 
and 
transmission 
are to occur 


simultaneously 
then 
obviously 
contention 
will 


exist for the use of the timer. It is possible to allow 
the 
simultaneous 
reception 
and 
transmission 
of 


serial data using the timer as a general clock which 
controls software maintained 
timers. The attainable 
baud 
rates 
using 
such 
techniques 
are, however, 
limited and the use of a 8251 USART is probably 
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4" [lIT: 
MOV 
A,AT(fI'P 
B ..... __ ._--_._--_ 
... _- ..... _-------- 
Bille 
93 
" 


RETIi' 
• 
.. 
'0 


· 
" . 
" · 


EOUATEs 


'B 
; 
BIT 
ROUTINE 


" 
"9 ; 
-PICKS 
THE 
HEll 
BIT 
TO 
TRAHSMIT 


" 
so . 
Uil7 
,<1 ATEMP 
[oc 
" 


STQRA(.[ 
FOR 
A OURI"'" 
INT. 
" 
liB€> 
15 pros 
[oc 
... 
; 
PARALLEL 
TO 
SERIAL 
COHV[IHER 
lHllD 
Fe 
52 
BIT: 
MOV 
A ,COUNT 
U.S 
16 
BUrr 
£Oc 
" 
. 
CHARACTER 
BUrrER 
IIIl[ 
C627 
53 
" 


'OLE 
U'~ 
17 
CHARAV 
EOC 
" 


CI-IARACT[R 
AVA!LAQ.[ 
rLAG 
U21r[ 
" 


MOV 
A,PTQS 


ilII3 
18 
COUlon 
EOc 
R' 
; 
BIT 
COUNHR 
8821 
67 
SS 
RRC 
A 
'ilI[r 
19 
CBIT 
EOC 
1[1"1-1 
; 
J'lASIl: 
TO 
CL[AR 
HO 
IN 
P2~ 
1122 
~381 
SB 
a"' 
A,"'BII-I 
1111 
2' 
SBIT 
EOC 
'1'1-1 
; 
roIASIl: TO 
SO 
HO 
IN 
P24 
112~ 
A[ 
" 


MOV 
PTOS,A 


1"1"07 
" 
P 
EOc 
-" 
; 
POUOO 
or 
HO 
el2S 
CB 
SB 
OEC 
COUNT 
22 
8826 
83 
59 
RET 
23 
; ..............•.. 
............... 
.0 
" 


CONTROL 
PASS[O 
I-I[R[ 
ON 
TlME:R 
OV(Rru)W 
912797 
., lDL[: 
CLR 
C 
2S 
· 


8128 
rc 
.2 
MOV 
A,CHARAV 
8817 
2. 
OR< 
"" 
8829 
9620 
., 
'HZ 
GOTON[ 
" 


; 
[NT[R 
!NT[IW?T 
MOD£ 
ilI28 
A7 
.. 
CPL 
C 
1117 
OS 
28 
TQrLO: 
SEL 
RB' 
112C 
83 
.S 
RET 
tU'8Ar 
'" 


MOV 
AT[MP,A 
•• 
30 
SO 
T !ME:R 
rOl~ 
P 
lU20ro 
67 
(,()TON[: 
MOV 
A,9Jrr 
tU92307 
" 


MOV 
A,ItP 
lU2[A[ 
•• 
MOV 
PTOS,A 
tUB 
62 
32 
MOV 
T.' 
lU2r 
eatA 
•• 


MOV 
CDUtlT, 
It 11 
t"'CS5 
" 


STRT 
, 
8831 
BCtI 
" 


MOC 
CHARAV • ..,I 
,. 
; 
G(f 
BIT 
I rHO 
CARRY 
8833 
83 
" 


R[T 


Uto 
1~10 
3S 
CALL 
BIT 
" 


[NO 
or 
PRQG.RAM 
,. 
SH 
HO 
TO 
CARRy 
" 


[Ho 


GENERATING 
PARITY 
Many communications 
schemes require the genera- 
tion and checking 
of parity. 
If a USART is used 
it can be programmed 
to automatically 
generate 
and check parity. If the communications 
is handled 
by software within the MCS-48™ then the program 
must 
perform 
parity 
calculations. 
Calculating 
parity 
is easy if one remembers 
what parity really 
means. A character 
has even parity if the number 
of one bits in it is even. A character 
has odd parity 
if it has an odd number of ones. The program seg- 
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 


•, 
2; 
•••••••••••••• 
,, 


•• 
; 
PARITY 


5; 
THIS 
PROGRAM (;(H(RATES 
PARITY 


EO; 
OH 
THE 
ACClI"ULATOA 


7; 
CARAY 
WILL 
B£ 
SET 
lr 
A HAS 
000 
PARITV 
., 
'3; •••••••••••••• 
"" 
12; 
••••••• 


13 
; 
EQUATES 
'''; -.----- 
" 
16 coutn 
[00 
" 
18 
PAR: 
OR(, 
.. 
""" 
2. 
CU 
" 
22 
23 
LOOP: 
RR 
2" 
Jet 


25 
CPI. 


27 
28 


: 
SET 
LOOP 
COlJtolT 


; 
INITIALIZE 
CARRY 


: 
FCR 
EACH 
ZERO 
81T 
IN 
A 


; 
tlPf'lO'lEIH 
THE 
CARRY 
Fl"'" 


clearing the CARRY flag. After this initialization 
a 
loop is executed eight times. During each execution 
the accumulator 
is rotated 
and the least significant 
bit is tested. 
If the bit is a zero the CARRY flag is 
complemented, 
if the bit is a one no further action 
is taken. Since an even number of zeros implies an 
even number 
of ones for an eight bit character, 
after 
all eight 
loops have been accomplished 
the 
CARRY 
bit will be set if an odd number 
of ones 
were encountered; 
it will be reset if the number 
were 
even. 
Since 
the 
RR 
instruction 
does 
not 
involve CARRY 
the net 
result 
of executing 
this 
program 
loop 
is to set CARRY 
if parity 
is odd 
without 
effecting the character in the accumulator. 


CONCLUSION 


This Application 
Note has presented 
a very small 
sampling 
of 
the 
application 
techniques 
possible 


with the MCS-48™ 
family. The application 
of this 


new single chip computer 
system 
to tasks which 
have not yet yielded 
to the power 
of the micro- 


processor will present a fascinating challenge to the 
system designer. 


J"""978 •• 


inter 


This application 
notes presents 
a software 
package 
for 
interfacing 
members 
of 
Intel's 
MCS-48™ 
family 
of 
single-chip 
microcomputers 
with 
keyboards 
and 
dis- 


plays 
using 
a minimum 
of 
external 
components. 
Be- 
cause of the similarity 
of the architectures 
of the vari- 


ous members 
of the family 
(the 8035, 8048, 8748, 8039, 


8049,8021, 
and 8022 microcomputers; 
also the 8041 and 
8741 
universal 
peripheral 
interfaces 
in 
the 
UPI-41'" 


family), 
the code 
included 
here could 
run with 
minor 
modifications 
on any member 
of the family. 


Since 
keyboard 
and display 
logic 
can be just 
one of 
several 
functions 
handled 
by a microprocessor, 
the 
added cost of including 
these functions 
in a system 
is 
minimal. 
In fact, considering 
the extremely 
low cost of 
standard 
X-V matrix 
keyboards 
and integrated 
displays, 


their use is often 
more cost effective 
than even a hand- 
ful of discrete 
switches 
and indicators. 
Thus, the addi- 


tional 
flexibility 
of keyboard 
input 
and display 
output 
can be added to inexpensive 
consumer 
products 
(such 
as games, 
clocks, 
thermostats, 
tape 
recorders, 
etc.), 


while 
producing 
a net savings 
in system 
cost. 


Since 
each 
potential 
application 
will 
have 
its 
own 
unique combination 
of keys and display 
characters, 
the 
program 
is written 
so that 
very 
little 
modification 
is 
needed 
to interface 
it with 
a wide variety 
of hadware 
configurations. 
In general, 
the only 
changes 
required 
are within 
the set of initial 
EQUates at the beginning 
of 
the program. 


Along with the basic software 
for driving 
a multiplexed 
display 
and/or scanning 
and debouncing 
an X-V matrix 
of key switches, 
a collection 
of utility 
subroutines 
is 
also 
included 
for 
implementing 
the 
most 
commonly 
used 
keyboard 
and 
display 
utility 
functions, 
such 
as 
copying 
simple 
messages 
onto the display 
or determin- 


ing the encoded value of each key in the key matrix. As a 
result 
of 
the 
versatile 
architecture 
and 
applications- 
oriented 
instruction 
set of the MCS-48 family, the entire 
package 
fits 
into about 
250 bytes 
of internal 
program 
ROM or EPROM, leaving the rest of the ROM space for 
the program 
to cook the perfect 
piece of toast, or what- 


ever. By tailoring 
the software 
to match 
a known 
hard- 


ware configuration, 
or by selecting 
only those functions 
needed for a given application, 
the program 
size could 
be even further 
reduced. 


Since what is being presented 
in this application 
note is 
a software 
package, 
rather 
than 
the 
usual 
hardware/ 
software 
system design, the format of this note is some- 
what 
different 
from 
most 
- 
it consists 
primarily 
of a 
long program 
listing 
reproduced 
in the following 
pages. 


For the most 
part, the listing 
is self-explanatory, 
with 
comments 
introducing 
each subroutine 
and major code 
segment. 
Some 
parts 
of 
this 
introduction 
are 
repro- 
duced 
in the program 
listing 
itself, 
explaining 
the con- 
figuration 
of the prototype 
system. 
However, 
an addi- 
tional bit of explanation 
would make the listing 
easier to 
understand, 
especially 
for those readers unfamiliar 
with 
the concept 
of multiplexed 
displays 
and keyboards. 


In traditional 
digital 
system 
design, 
various 
hardware 
registers 
or counters 
were used to hold binary 
or BCD 
values which 
had to be conveyed 
to the user. The stand- 


ard way of presenting 
this 
information 
was by connec- 


ting each register 
to a seven-segment 
encoder 
(such as 
the 7447) driving 
a single 
display 
character, 
as repre- 


sented by Figure 1. Thus, two ICs, seven current 
limiting 
resistors, 
and about 
45 solder 
joints 
were required 
for 
each 
digit 
of 
output. 
Consider 
how 
traditional 
tech- 


niques 
might 
be (mis-)applied 
in designing 
a microproc- 


essor system: 
the designer 
( )uld add a latch, encoder, 


and resistors 
for each digit 
of the display. 
Still another 
latch and decoder 
could 
be used to turn on one of the 
decimal 
points 
(if used). The characters 
displayed 
could 
only be a sequence 
of decimal 
digits. 
In the same vein, a 
large matrix 
of key switches 
could be read by installing 
an MSI TIL 
priority 
encoder 
read by an additional 
input 
port. Not only would 
all this use a lot of extra 
110 ports 
and increase 
the system 
price 
and part count 
drastic- 


ally, 
but 
the 
flexibility 
and 
reliability 
of 
the 
system 
would 
be greatly 
reduced. 


Figure 1. Wrong Way to Design Multiple 
Digit Displays for 
Microcomputer 
Systems 


intel 


Instead, 
a scheme 
of time-multiplexing 
the display 
can 
be used to decrease 
costs, 
part count, 
and interconnec- 
tions, 
while allowing 
a wider range of character 
tYpes to 
be used on the display. 
The techniques 
used here are 
fairly typical 
of today's 
integrated 
subsystems 
designed 
especially 
for controlling 
keyboards 
and displays 
(such 
as in calculators 
or the Intel'" 
4269,8278, 
and 8279 Key· 
boardlDisplay 
Controller 
Devices). 


In a multiplexed 
display, 
all 
the 
segments 
of all 
the 
characters 
are interconnected 
in a regular 
two·dimen· 


sional 
array. One terminal 
of each segment 
is in com· 
mon with the other segments 
of the same character; 
the 
other terminal 
is connected 
with the same segments 
of 
the other 
characters. 
This is represented 
schematically 
in Figure 2. A digit driver or segment 
driver is needed for 
each of these 
common 
lines. 


ALL 
All 
AU 
All 
All 
ALL 
SEGMENTS 
SEOMENTSSEGMEHTSSEGMENT$ 
SEGMENTS 
SEGMENTS 
M1U 
M~O 
OFJRO 
MUH 
OF5TH 
M"H 
o~'- ~~ 
OIGIT 
~t~ 
_O~T 
DIGIT 


- 
1.··sEGMEHTSOF 
I All 
DIGITS 


CURRENT 
SOURceD" 
SEGMENT 
OAlIIERS 


!"lI"SEGMENTSOF 


J 
AllorGITS 


I DECIMAL 
POINTS OF 
J All 
DIGITS 


Figure 2. Schematic 
Representation 
of 6-0Ig;', 
7·Segmen! 
Common-C •• hod lED Multiplexed 
Display 


The various 
characters 
of the display 
are not all on at 
once; 
rather, 
only one character 
at a time 
is energized. 
As each character 
is enabled, 
some combination 
of seg- 


ment 
drivers 
is turned 
on, with 
the result 
that 
a digit 
appears 
on the enabled 
character. 
(For example, 
in Fig· 
ure 3, if segment 
drivers 
'a', 'b', and 'c' were on when 
character 
position 
#6 was enabled, 
the digit 
'7' would 
appear in the left·most 
place.) Each character 
is enabled 


in this way, in sequence, 
at a rate fast enough 
to ensure 
that 
the display 
characters 
seem 
to be on constantly, 


with 
no appearance 
of flashing 
or flickering. 


In the system 
presented 
here, these rapid modifications 
to the display 
are all made under the control 
of the MCS· 
48™ 
microcomputer. 
At 
periodic 
intervals 
the 
com· 
puter 
quickly 
turns 
off 
all display 
segments, 
disables 
the character 
now being displayed 
and enables 
the next, 


looks 
up the pattern 
of segments 
for the next character 


to be displayed, 
and turns on the appropriate 
segments. 


With 
the next 
character 
now turned 
on, the processor 
may now resume whatever 
it had been doing before. The 
whole display 
updating 
task consumes 
only a small frac- 


tion of the processor's 
time. 


I DIGIT 
I DRIVERS 


Moreover, 
since 
the 
computer 
rather 
than 
a standard 
decoder 
circuit 
is used to turn the segments 
off and on, 


patterns 
for characters 
other than decimal 
digits 
may be 
included 
in the display. 
Hexadecimal 
characters, 
spe- 


cial symbols, 
and many letters 
of the alphabet 
are pos- 


sible. With sufficient 
imagination 
this feature 
can be ex- 


ploited 
for 
some 
applications, 
as 
suggested 
by 
the 
examples 
in Figure 
4. 


L"-' , '-I 
, 'LL'-'-' 
" 
, ,- 
,- L'C. 
I_I ,1/-, 


" 
II' 
" 
'-11_"1' 
'11_II~C' 
11-' 
, 
",-, 
" 
LI/-II-' 
C 
_,C., 1/- 


, 
I 
, 
I 
,,- 
'_'ell-" ,-,_,_,,- 


1- 1 LL1-1 
_ 
f,- 
',/, I!= 


Figure 4. Examples of Typical Messages 
Possible with Simple 
7 
oS.gmen' 
Displays 


As each character 
of the display 
is turned 
on, the same 


signal 
may be used to enable one row of the key matrix. 
Any keys in that row which are being pressed 
at the time 
will 
then 
pass the 
signal 
on to one of several 
"return 


lines", 
one corresponding 
to each column 
of the matrix. 


(See Figure 
5.) By reading 
the 
state 
of 
these 
control 


lines, 
and knowing 
which 
row is enabled, 
it is possible 


to compute 
which 
(if any) of the 
keys are down. 
Note 
that 
the keys need not be physically 
arranged 
in a rec- 
tangular 
array; Figure 
5 is merely 
a schematic. 


COLUMN 
3 
COLUMN 
4 


RETURN 
RETURN 


LINE 
LINE 


-Lt 
---,-t 


Since 
each character 
is on for only a small 
fraction 
of 


the total display 
cycle, its segments 
must be driven with 
a proportionately 
higher current 
so that their 
brightness 
averages 
out over time. This requires 
character 
and seg· 
ment drivers 
which can handle higher than normal 
levels 
of current. 
Various 
types of drivers 
can be used, ranging 


from 
specially 
designed 
circuits 
to 
integrated 
or dis- 


crete 
transistor 
arrays. 
The 
selection 
depends 
on 
several factors, 
including 
the type of display 
being used 


(LED, 
vacuum 
f1ourescent, 
neon, 
etc.), 
its 
size, 
the 
number 
of characters, 
and the polarity 
of the individual 
segments. 
Some drivers 
have active 
high 
inputs, 
some 
active 
low. Some invert their 
input 
logic 
levels, some do 
not. 
Some 
require 
insignificant 
input 
currents, 
some 
present 
a considerable 
load. Some 
systems 
use exter- 
nal logic to enable one of N characters 
or to produce 
the 
appropriate 
segment 
pattern 
for a given digit, 
some sys- 


tems 
implement 
these 
functions 
through 
software. 


Because 
of these 
and the other 
variables 
which 
make 
each application 
unique, 
provisions 
are made in the first 
page of symbol 
EQUates 
to allow 
the 
user 
to specify 


such things 
as the number 
of characters 
in the display 
or the polarity 
of the drivers 
used, and the program 
will 


be assembled 
accordingly. 
The display 
is refreshed 
on 
each 
timer 
interrupt, 
which 
occurs 
every 
32 x 
(TICK) 


machine 
cycles. 
:One machine 
cycle 
occurs 
every 
30 
crystal 
oscillations 
for the 8021 and 8022, or every 
15 
oscillations 
for all other 
members 
of the family.) 
A more 
detailed 
explanation 
of these variables 
is included 
in the 
listing. 


Port assignment 
is also at the discretion 
of the user - 
all port references 
in the listing 
are "logical" 
rather than 


physical 
port 
names. 
The 
port 
used 
to 
specify 
which 
character 
is enabled 
is referred 
to as "PDIGIT". 
The out· 


put 
segment 
pattern 
is written 
to "PSGMNT" 
and the 
keyboard 
return 
lines 
are 
read 
by 
"PINPUT". 
These 
logical 
port names 
may be assigned 
to whichever 
ports 
the user pleases. 


By way of example, 
the breadboard 
used to develop 
and 
debug 
this 
software 
used 
a matrix 
of 
16 single-pole 
pushbuttons 
and an 8-character 
common-cathode 
LED 
display 
with 
right-hand 
decimal 
point. 
No decoders 
ex- 


ternal 
to the 8748 microcomputer 
were 
used; 
all logic 
was 
handled 
through 
software. 
PDIGIT 
was 
the 
8-bit 
bus, PSGMNT 
was port 
1, and PINPUT 
was port 2. The 


drivers 
used 
were 
75491 
and 
75492 
logically 
non· 
inverting 
buffers: 
high 
level inputs 
were used to turn 
a 
segment 
or character 
on. Pull-up 
resistors 
were used on 


the 
8748 
output 
lines 
to 
source 
the 
current 
levels 


needed 
by the 
buffers. 
The 8748 was socketed 
on the 


breadboard, 
and was 
driven 
with 
an inexpensive 
3.59 


MHz television 
crystal. 
The short test program 
included 
in this listing 
was used to echo key depressions 
as they 


were detected, 
and to invoke 
four 
demonstration 
sub· 


routines. 
A summary 
of the subroutines 
included 
in this 


listing 
with a short explanation 
of the function 
of each is 


included 
in Figure 
6; Figure 
7 shows 
how 
the various 


utilities 
interact. 


KBOIN 
Keyboard 
Input. 
Walls 
unlll 
one keystroke 
input 
has been received 
from the keyboard: determines 
the meaning or legend of thai key. and 
returns 
with the encoded 
value in the accumulator 


CLEAR 
Blank out the display 


ENCACC 
Encode 
accumulator 
with 
bit 
pall ern corresponding 
to the segment 


pattern 
needed by the display 
to represent 
that symbol 
or character 
Uses the value of the accumulator 
when called 
to access 
a table can· 


ta1l'Hng 
the patterns 
lor all legal input values 


WDI$P 
Write into Display. 
Writes 
the bit pallern 
In the accumulatOr 
into the 
Ile_t character 
pOSl\lon of the display, 
MaintaIns 
a character 
position 


counter 
so that repeated calls Will automatically 
write characters 
into 
sequential 
positions 


RENTRY 
Righl·hand 
Entry. 
Stores 
Ihe 
accumulalor 
segment 
pattern 
in the 
display 
In the flght·most 
character 
pOSition. Shilts 
all oiher characters 
to the left one place 


PRINT 
Print a string 
of'arbdrary 
characters 
onto the display. 
Useful 
lor pro· 
mpting 
messages 
warnings, 
etc 
Uses a table 01 segment 
pallerns 
in 
ROM, so that messages 
will not be restricted 
to numbers. 
leiters. 
etc 


FILL 
Fill the display 
With the character 
pattern 
in the accumulator. 
Useful 
for writing 
dashes. segment 
test pallerns. 
etc .. into all character 
posi· 
lions 


ECHO 
Wall tor a key to be pressed 
by the operator 
and write that key onto 
the display, 
Used for prOViding feedback 
to the operator 
when enter· 
Ing numeriC data. elc 


RDPADD 
Adds or deletes a decimal 
POint to the character 
at the rlght·hand 
side 
of the display. 
tor entering 
!loating 
point 
numbers 


HOLD 
Called wnen a key IS known to be down 
Does not return until all keys 
have been released 
Used tor organ·type 
keyboards. 
or when some ac· 
tlon should not be initialed 
untIl thekey 
invoking 
that action 
has been 
released 


DELAY 
PrOVides a crude real·!lme 
delay correspondIng 
to the value of the ac· 


cumulalor 
when called 
Can be used to cause dIsplay 
characters 
to 
blink, 10 momentarily 
flash Information. 
10enable a bUller. 
etc 
Could 
also be used by the program 
when delays are needed, such as to slow 
down 
Ihe computer 
reaction 
rate while 
playing 
a game against 
the 
human operator 


inter 


I 


CLEAR 


I 


Fill 


MAIN 
BACKGROUND 
PROGRAM 


I 


PAINT 
ECHO 
RDPAOO 
.~ 


- 
vcc 11131sUJ 


1 I 
:~ 
2 
•• 
26 


• 
, 
• __ 
Vec YO 


9 
75491 
8 
RESET 


13 
,. 
!~F 
2XTALl 
1---lm~i"-;XTAl2 


~ 
T ! 2O.F T 
SSF- 


TO~ 
.......... 
:1 
Vcc11!3UJ,.! 


1 j 


27 Pl0 
Tl~ 


"8" 
"b" 
"e" 
"d" 
"e" 
"I" 
28 Pl1 
iNT~ 
~ 
29 P12 
ALE~ 


'j F' 1;' /3 1;' ElP F' I 


30 P13 
PSEN f!- 
'-'. -'. '-'. _. '-'. -. -'. ~. 
~ 
, 


9 
,5491 
8 
II 


31 Pt. 
PROG~ 


13 
,. 
32 P1S 
WR~ 


·MOST 
RIGHT·MOST 
I 


33 P16 
AD r!- 


efER 
CHARACTER 
~ 


34 PIT 


Vcc 
VCC----:;-:;] 
I I I 
12oBO 
~( 


8'48 


N.C.-' 
13DBt 


I 


N.c.~ 
14DB2 
• 
1 083 
, 
75492 
:~ 
II 


16DB4 


9 
17 DBS 
13 
18 DBS 


~ 


19081 
(D@0 
YCC---nl 
- 
,ll .20 
~@)~= 


1 
,. 


AVAILABLE f ~ .21 
2 
3 
FOR 123 .22 
EXPANSION 
I"=': 


0C!J®D- 
• 
s 
\~ .23 
- 
, 
75492 
8 


@@J@= 


N.C.-! 
~N.C. 
35 P24 


N.C.E 
r!!H.C. 
36 P25 


I I 


37 P26 


! 
I 
~ 
31.2' 
V•• 
EA 
:P 


inter 


1515-1 
J 11(5-48/1.: 
•••1-41 
I1AC.:) A~.sEI'lBlH, 
',12 B 
AP4fj 
WTEl 
'iC5-48 
f["BOftR[./['fSf'LH" 
if'PUlAI 
iC;~1"GTE fWPENOJ;; 


1 $MFU'IJF 1Lt 
\'.'EF 
,~HITW'Af'4fj 
WIEL 
1'1(;:-4;; 
~:ET'BliHR[i,T'ISPLH',' 
HF'f'liOlTlO/I 
NUTE APPENDIX-' 


4 ,THE FOLL(,~JJljG SOFTwAF:E PACIAGE PROVWE 
H SEVEN SEiJI'l£N1 [,JSF'lHV 


5 ,IN[ERFHCE 
fCI. 
I'IIC.'OCO~1fUTE':S 
iN 
lHF. INTEL '~::~-4S 
FAIHL', 
f, 
THE COLiE 15 WPITTEN ~:O -rHAT WiRII)!)5 
HHHlioll'iii" 


:' ,Ci.lPlFIGlJW, 
IONS CRN bE ACC,)110('HTU, 8',' .EU 
H,jtlij 
[ME IUIiIAL 
'''flRIRBI.E~, 


8, 
IN l'1osr 
5 ITIJf;Ti OilS, 
THE KE',t:OA.'[',''!.i;SPl.H',' 
lIHERFACE 
filll 
f;E REorm'£[, 
TO 


. J~iF'LE~lENT I'ICH 
SOPHI5TIt:fHEli 
SINGLE-(.HiP 
5'61EI'1S 
'Ci1ll.iJunOlt;., 
,;,')U.S, 
CLOrE, 
JI3 ,ETC), 
WITH SECTllJf15 
OF THi: FOLL!)141NIJ l,%E 
SEi.ECTE(i fiND i1i)ViFIEC> AS fIECESSAR,' 
11 
. FOI;' EfiCri 'IF'FtlCHTlW 
12 ' 
:L . fI SINGLE SUIWOUTINE 'UUE,! 
,'EF"5H) 
IS USE(. TO fMf'LEI'lENT E:OTH THE OlSf'LH',' 


14i'!lJl7IPLEiING 
AND ~E';BIJAF'[) S(riIININI;, 
iJ',INiJ 
THE "AI'lf 
SiGNHL E:O[H TI) EflAtU 
J:, ,ONE CHiM1C1f:" 
OF THf [)15FL8'.' 
fmO 10 ~TR08E 
ONE .'OW OF IHt 
i-Y 
IE'I 
11ATF-l/ 


16 
rHE SI)f;R'OUWIE 
t-UJ5T t'l 
[.AU.E[i:'UFfE 
fEIHL" 
,:ifTEIl 10 fNSI.""E 
THE MSPLA'; 
r', CHf1HtC1E.', 
fA) NOT FLI CkH'- 
Ai 
LEAS I ~••.f I)JI1FH IE 
DISFI.R'; 
SCf1NS fH' 
',[(I)NO 


1:3 ,TO H(COl'10[Ji11E 5WI1CHE~, C~' Ai"8m:HR',' 
CHEAPNESS, 
fHE DE~I.~JliCE T!1'Ji:: CAN E:E 
19 ,SO 
EI 
8E fiN'; [iES [RE[! MJt'1ElEROF cm'HUE 
SCRNS 
2~ 
,fHf.I~, fHE DEBOUNCE WIE 
I':' 8 FlJlKTWN 
Of BOli' 
;HE ~,Cf1fl ":81£ 
ANC, tHE VALUE 


<'[, 
e,l" CuNS [A111(JEBNCE' 
22 , 
d 
,IN 
THIS USlING, 
THE fNTE.NAL 
TH1U' 
15 IJSEr: ';0 IjENEFHIE 
INTH:RIJF"15 THRT 


24 
,SERVE AS 8 TI/'lE BASE FOR THE "EFRESH 
SUBROl,lf!ljE 


2~, .'HLTERNHTE TIME BASES MIGHT 8E fIN UTEF'NAi. 
OSULLRf,Ji<' 
'[iFI'.,'j:~j 
lHE 
INlERRUPT 


26 
,f'IN 
(if;' POLLtu 
B" A TEST OR It1PIJT PIN,. 
A S,)FfWHFE [HA',' 
LOOP IN THE B8U1JPOIJNE, 
21' .'F.'O(;RAM, 0.' 
PEF'IC{i!C 
CALLS rc' 
THE SUi3F'OlITlNE FROl1 THf;'OUGHOUTIHE USER'S 
P"'OGPf1N 
2':: ,AT HPpROPP IATE f'LACE~, 


29 
,IN 
THESE CASES., THt C()foE STR.'TINIj 
AT LAt:EL rr iNT \TIMER 
INTERRUPT' 
AN[, TIRE1 
i,), .:TIINT 
RE1UJlN\ 
COI.H 
STilL 
BE k;W 
TO ;;AVE AND F'ESlOF'E ACCIJMIJL8TOiI COfHENE 


1J 
. THE INTEFHIF'1 
SEf;",'ICINfj 
I"OUTINE ,ELECTS 
,'EGISTEf;' 
BAHt: 1 


::2 
,FOR 1HE NEWEl! 
REGISTEJl5 


:;4, 


:5 
,Wl<ITml 
B,'JOHN 
WHf1I':TW, fNTEl. SINGLE-CHIP 
COtif'UTEJI HPf'llCHTION~; 
36 -' 
l? SEJEC! 


intel 


ISIS-II 
MCS-48/UPI-41 
l'IiOO 
ASSEM&LER., ',~ 
e 
AP4~ 
INTEL MCS-48 
KEYBOA/<[),'liISPLfj',' 
flPPLICATI(:N 
/lOTE APPENllI;\ 


:58 ' IN THIS 
IiiPLEi'lEtHRlIClN 
OF THE [)I~'LiW 
SCAlI, 
[T 
IS ASSJJI'lED HiM THERE WILL 


:;9 ,BE 
IiELAl mu 
LI TTl.E 
I/O 
OTHER THAN hll' 
THE ~i¥BOftPD/[; 
I Sf'LA',' 


40 
,IF 
THIS 
IS 
fff: 
CflSE, 
THEN THERE b 
NO NEW Hili FOP AN',' AOOIiItm. 
EnEpNf1l 


41 
,LOGIC 
'SUCH 
AS ONE-{\f-EIGHl 
DEC()[U5 
01/ ;E','EN-Sl:.GI~NT 
ENCODERS), 
THOUGH 


42 
,THE~'E 
WILL S1[LL 
BE A NEW 
FOR C1J~'RENT OII,OLTHl:JE 
DIIIVERS, 
ACCORDIN(, 11) 


43 
,THE 
WF'E 
Of- l>ISPLAY 
BEING US£D 


44 
' 


45 
,iN 
IHb 
USTINlj, 
THE PROCES:;;)~' 
L'O 
PORTS ARE L01Jlt;FflL~' 
[lIVWED 
A~ FOLLOWS 
46 ' 
47 
,prJlljlT-E!fJHT 
BlT 
PO/IT lISED TO ENABLE, 
ONE AT A TIME, 
Tff: 
II{lIYIWAl 


48 
' 
CHAPACTERS Of 
AN EIGHT Dil:j! f :H'!:N-SEGMl::NT 
DISPLA','. 
WHILE ALSO 
49 
' 
STPOBING 
THE IiOWS Cf 
AN X-',' 
MI1T11IXKE','t~)ilfI[; 


~.e . 
81T~ 
EPflBlE5 
THE LEFTMOST CHAP.ACTE. Hff..' fHE BOTTOtl .01' 
OF 1HE I !:I['" 


51 
' 
8 IT 4 ENAllLES THE T(II' ROIoIOF THE 4~4 
VBLI AN[; THE ",)I.iIITH CHiiIiACTE~, 


52 
' 
8m 
ENABLES THE RIGHTMOST CHAPACiER 
53 
' 
iA 4;<8 KE~'BOAf<'[,'WJI.[; 
~E ;T"CoBW 
8'·' ALSO USWG 
BITHm0 


~'" 
' 
A/oj[)EXTENOING OR ELlMINAT LNG THE TAEU, 
'LEGNVS" 
) 
55 
' 
THE ENABlINl3 
OF ONE BIT 
,ocm·'!: 
HIljH 
OR LOW:· IS 
ACC0I10[JATEll B',' 
5.; , 
ACfESSING 
A un-up TABlE 
UilLW 
CHfSTE' 


5, 
. 
THIS 
TECHlHf;lIJE TAKES ABOUT FOl~ 
BYTb 
!lOFE PO" 
fHAIl A TECHtIlQl.l: 


58 
' 
OF ROTATING H 'ONE 
T~dJ(iH 
A FIELl! 
OF 
ZERUES' 
IN THE AC~ 


59 
' 
RN APf'POPPIATE 
NUt'IBE1i Of 
TJI1E:5, 
BUT IT ALLuWS 5011£ AOlmlONAL 


6>.t 
' 
FLEXABILITY 
IF 
fHE ORI'v'ERS BEING lISl:.D HAVE A COMBINATORIAL INPUT 
61 
, 
(AS 
IN THE 7545;< 
FfII'lIL'~ Of- HIGH-{URRENT, 
HIGH-'~OI. TAGE [~IVEPs), 


62, 
THE CHf;'STB TABLE COUUl PPOVlDE 
ENCOrl(v 
OUTPUTS, 
NINE DIGITS, 
FOIi 


6, 
, 
EXAMPLE, COIJlD BE ENABLED WiTH SIX 
BrTS 
Of 
(BUFFERED) 
OliTPUT 
64 
' 
i001001. 
B>.tlBH1, 001100, 
B100i0J1, 919011:1. 81>.tl'3>.t, 190ttll1, 
lllOO10, 
1B01[1l3) 


65, 
iF 
I/O 
LINES 
NEED TO BE CONSEIi','ED. 
OR IF I'IflNY DIGITS 


66 
' 
HlJ5T BE OISPiJf~ED, 
All EXTER/lAL DI:D.l:oER COIJlv 
BE f'LJ{)ED TO THE s','5TEI'l 


67 
' 
rlfj;'ING 
CHftllflCTEIi 
TR/iNSITIONS 
A 'BLANIC 
CHARACTEr; IS 


68 
; 
EXPLI ClTL Y ~'ITTEN 
TO THE DI SPLA',' 
THUS, 


69 
' 
THERE WILL BE NO CHARACTER 'SHHOCiWING' CAlJSEO BI' THE 


7>.t ; 
FACT THAT THE HAROW~E 
OR 501"1 W~E 
DECODER KEEPS ONE 
71 
' 
Ol)TpUT, 
AND THllS OllE CHflRACTEIi, 
ACTh'E 
AT ALL TII'lES 


73 
,P~JJI1NT-EIGliT 
BIT 
PORT TO ENfRE 
THE SEllEN S£GHENTs 
& r, P 
Of 
A STAN[)i!RD 


74 
; 
DISPLA\' 


75 
' 
BIT7-BlHl 
w.."':ESP(~ 
TO THE ()I' flN() SE(;I1£NTS Ii THIiOLIGHA, 
RESPECT! VELY, 


,6 
' 
IT 
IS POSSiBlE 
TO ACconooATE 


77 
, 
rJRIVEIiS 
IolHICH A/<E EITHER 
LOGICALLY 
INVERm~3 
OR NON-INVERTING 
BY 


78 
, 
SETTlNij 
VARIABLE 
'SEGPOL' 
(SECiMENT pOLAr;:IT'I) 


79 
; 
NOTE THiiT B~' HAYING AABITRAR~' CONTROl. OVER EACH SEGt1ENT, 
NON-NUMERIC 


813 ' 
CHARACTERS CAN BE REPRESENTEV ON A SEVEN SEGMENT DI SPLAY, 


81 
' 
AS SHOWN IN EiiR/'IfU 
SffiROUflNE 
'TEsT2 
82 ; 


83 
SElECT 


inter 


ISIS- 
II 
MCS-48/UPI-41 
MACro ASSEME:LER, 
V2 8 


RP48 
INTEL 
I'lCS-48 
KE'r'BOARl)/C'lSPLRY 
APPLICATION 
NOTE APPEND1~: 


H4 .I'INPUT-F(MJP 
HI,:,H-GRDEF: I:.IE 
USE[; ~: 
INPUTS 
F~i)t'l 
THO:: KE"'BOftRD RETI.q;:N liNES 


~. 
ASSlJl1ES 
THAT ft fE. 
DOWN IN 
HE CfjRPENTL" 
ENftBUT 
ROW IolG/JLli RElURN 


86 
; 
A LOW LEVEL 


87 
; 
IN THIS 
CASE, 
BIT7 
RETURNS THE LEFTMOST COUJI'lN, 
&IT4 
THE RIGHTMOST 


88 
. 
THE HIGH"(~'fJER 
BITS 
ARE USED SO TfiAT IF 
AN iJFF-CHIP 
DECOvER 
15 USEr· 


89 
; 
TO ENABLE UP TO 16 
CHARACTERS. 
FOR Ei,N!'1PLL 
IT COULD BE [)RIVEN 
B', 


98 
; 
THE LOW Of<'DEF B IfS 
Of 
THE St1l'fE Pi:'f" 


91· 
NOTE ALSu 
THftT IF 
A SIXTEEN 
~E'r' Hfll.• I": WERE U.ECflWALL',' 
ORGANIZEr' 
n ' 
IN A 2:,(~ ARRAY. 
ONLI' TWO RETOPN LI IE IoiCMJlfo8E NEEro£:D 


93 
; 
(iN 
THIS 
CASE. 
PERHftPS 
T" tiNt" T1 COIJL[' 8£ 
USEr, FOR INF'UT BIT: 
" 


94· 


95 
. PULL -uP 
RESISTORS 
ON THE ~'ETlJRN LINES 
MIGHT BE Itl 
ORN,R 
IF 
THH:E 
IS 
AtN 


%. 
POSSIBILlT'r' 
Of 
A HiGH- 1I1PE(;£NCE ('ON[~nIYE 
PI'tTH THR(~JGH TfIE SWITCH WHEt, 


97; 
IT 
J S SllPPliSED 
TO BE 'Of HI 


98. 
<THIS 
PHENOMENON HAS ACTUALL'I BEtN 
I)E:SEF'l!El' 
} 


Hi(:i 
.. THE r'~'h'ERS 
USED IN THE PROTOWPE 
WU'E HLL NON- (NVERTING 
IN THftT 


1&1 
; A HIGH LEVEL ON Htl (;I)TPUT LINE L USEli 
TO TURN Ft CHA~.:HCTE": OF' SW'lE~T 
ON 
Ht2 
. THERE ARE A TOTAL Of 
SE','EN 
1/8 
LINES 
LEn 
I)"IU 
10,' . 


1'.34 : THE ALGO~ITHH 
FOR llPl'~lNG 
THE DISF'LA'r' 
USE~, A KOO 
OF iNTERtlAL 
RAN 


105; 
AS [,ISPLA',' 
F'EGISTERS, 
WITH ONE 8YTE CORRESFON[iIN(, 
TO EACH CHI1RACIER Of 
THE 


H16 
; DISPLAY 
THE: EIGHT 'BITS 
Of 
EACH BYTE COPRE~;POND TO THE SEllEN 
SI:Gt'lHHS 
& [IF' 


107 .'OF EACH CHARACTER 
IF 
AN E:m~·NAL. 
ENCOC,ER IS 
USED {SUCH AS A FOliR-BIT 
Tel 


HtB 
; SEVEN-SEGI'1ENT 
ENCOL{R 0.' 
A ROM fO. 
T.'ANSLATING 
ASCI J 
TO 


109; 
SIXTEEN-SEGMENT 
'ST~'BURST" 
DISf'Li'l" 
F'AnER~lSi. 
THE TiRE 
ENTR(ES 
WWl[i 
HOLv 


118 
. THE CHftRACTER COOES 
(IN 
JHE FOFMEF' t.:ASE. 
fiN i.lNUSEL>BIT 
CliULlJ liE USED 10 


111 
,ENABLE 
THE [l P ) 


11<: 
; THUS, 
WRlTING 
CHAI"F1CTERS TO THE [iiSPLA', 
FR(WI THE BACKGROUND PI'·Of.illAM 


113 
..I"EALL'" ENTAILS 
WRlTING 
rHE HPF'ROPF:lrlTE 
SEGMENT 


114; 
PATTERNS 
1(1 A [iISPLfll' 
REG15TH-· 
THE AlTIJAL 
OUTPUTTING 
15 AlJlOMI'tfl( 


115 
; THE LEFTMOST CHARACTER CORRESPONC'~. T(, 
THE LAST BYTE OF THE DISPLA'" 
116 
,REGiSTERS, 
AND IS 
ACtESSEV 
8'1 NEXTPL=8 
(SEE 
SOI.JRCEl.; 
[HE RIGHrMOST 


117; 
CHilRI'tCTE'" 
(S 
THE FIRST 
lliSPLA',' 
B~'TE. 
WHEN NEXTf'L=1. 


118: 
IJTlLI T'!' SUBROUTINE~ 
A.'E 
INCLU()Ei) HERE TO 1F'AN5LATE FOUR BIT 
NUM8£RS TO HE:>: 


119; 
DIGIT 
PATTERNS. 
AND l4IIITE 
THEM iNTO THE [lISF'LA'r' 
REGISTERS 
SEQUENlIALL~' 


128; 
(EITHER 
FILLING 
FROM THE: LEFT- 
H. P 
CALCLILATOl<:STYLE OR FROI'l THE 


121; 
RIGHT- 
T I 
ST'r'LE .. SUBROUTINES 
WVISP ANI) RENTR'r'.. RESPECTIVEL\', 
122 , 


123 
: THE KfYBOfiRD SCANNING ALGORITHM SHUWN HERE REIJlIIRES 
fi fE" 
BE DOWN FOR 


124; 
SOME Nlif'lBEII Of 
COI'IPLETE DISPLAY 
SCANS n:. 8£ 
I'tCKNOWLEGED 
SINCE 
IT 
IS 


12'5: 
INTENr'El! 
FOR 
'ONE-F INGH' 
OPERATiON, 
TWI}-KE',' ROLLO\lER/N-KE" 
LOCKWT 
HAS 


126 
; BEEN IMPLEMENTED 
HOWEVER.. 110tllF!CATIONS 
WOOLr, BE POSSIBLE 
TO ALLlJH. 
FOR 


127. 
EXAMPLE. 
ONE KE'" IN THE MATPl:\ 
]0 
8E USE[> AS A SHIFT 
KE',' OR CONTROL KE', 


128 
. TO BE HELD DOWN WHILE ANOTHH 
KE'r' IN THE I'lAWI~ 
IS 
PRESSEr, 
iSEE Nt)TE WITHiN 


129· 
THE BOO',' OF THE LISTING. 
:- 


1313; 


131 
SUECT 


intJ 


ISIS-II 
I'ICS-4i3/UPI-41 
MACRO ftSSEtlBLEl<, 
',2 
I~ 
PA<iE 
4 


AP48 
INTEL 
"CS-48 
KEYBOAR1VfJl5PLftY 
APpLICATION 
NOTE fiPPENDiX 


E2 ; (BE 
AWARE THAT NO flOI<:[ THHN TIo/lj ~H'S 
CAN EVER BE r~JWN UNlESS 
['lOVES 
!Ii ,ARE 
pLACED 
IN SE.:IEs 
WITH ALL OF THE SWITCHES- 
CElHtHNL',' 
NOT THE CASE FOR EL 


134 
,CHEAPO 
KEYBOAPDS- 
BECAUSE SOME C,JMBINATIONS 
CiF THREE KEYS [JOIoINWILL RESULT 


135 
; IN A 'pHANTOM 
FOURTH KE~' BEING 
PERCElVf.[' 


136 
,THE 
PHANTOI1 I:E',' WOIJU; BE THE FCUJRTHCORNU' 
WHEN THREE KHS 
FORMING 


1:>7 "A I!ECTANGULAR pl'iTTERN 
i.lN 
THE :,:-',' 
KE',' flATRIX, 
I1RE DOWN, ) 


138 
,IF 
[iiOliE,; 
HI<'E PLACH, 
IN THE SCFih'NING flRRA'i, 
CONSiDERATIONS 
MUST BE f1ft['E 


139, 
ABOIJT HOW THE [,[OOE 
VOLTAGE Dl':OF WILL AfFECT 
iNFUT 
LOGIC 
LEVELS 
149, 


141 
; WHEN f, l)EBC~JNCED (E',' 
IS 
[HEtTEl" 
THE NUI'1BEI<'Of 
ITS 
POSITlON 
IN THE fE',' 


14~ 
,/'IATRI~: 
(LEFT - TO-RIGHT, 
BOTTUr!- TO-TOP, 
STAl"TING 
FROM 09) 
IS 
PLACED 
INTO 


143 
,RAM LOCATION'KBlif;IJF 
AN INPUT 
~,l.iBFOiJTINE 
THf:N NEED ONLY .:EAO THIS 
LOCATION 


144 
,1<:EPHtlEVLY 
TO [,ETERMINE 
lJHf:N A KE',' HAS BEEN PRESSED 
WHEN A KE',' IS 
DETECTEi! 


145, 
A SPECIAL 
COOE B~'TE SHOllU' 
BE WRITTEN BACK TO HHO'KBUBUF 
TO PREVENT 


146 
i REPEATEr, rHm IONS OF THE SAtlE KE\' 


147 
; THE .'OUTINEKWiN' 
r.o£MONSTPAiE 
A T','pICAL 
INPUT 
pRU10COL, 
ALONG WITH fi METH(lO 


148; 
FOR TRANSLATING 
A fH' 
POSifiON 
TO ITS 
ASSOCIA1EfJ 
SIGNIFlCHNCE 
BY ACCbSIN& 
149 
; TABLE'LEGNliS," 
IN "'011 
159 ' 


151 
fEJECT 
• 


inter 


1515-1 
I I-1CS-4SiUPI-41 
MHCRO ASSEM8L£R, n. 'J 
PRGE 
5 


flP41) 
INTEL MCS-48 
KE~BOflP(li1iISPLfi~' 
APPLICATION 
NOTE ApPENDl;, 


152 ;H*••.••••.•••******H*********************************.*** •• 
!5:: , 
154 ; 
155 ; 


156 
; .***.** *••**••.•*******•••**••***••********.* ••*•••**•••• *•• 
151 ; 
158 
PDI!}!T 
EO!) 


159 
PSG!'1NT 
EQU 
160 
PINPUT 
E(,I) 


1101 
162 


164 
165 
; 
166 
POSLO!} 


161 
NEGUJG 
1';,8 
169 CHRPOL 
EI}IJ 
1(1) 
SEGPOL . WJ 


171 
IIlFHSK 
E(JU 


172 
' 
ln (HAR~~) 


174 ~j"OWS 


115 
NCC'lS 
176 ' 
177 
TICK 
178 
[;E8N(£ 


179 
f<LANI< 
18B 
181 
182; 


181 
ENCH9i 
184 ' 


185 
tEJECT 


; IJSED TO ENABLE CHARACTERS fit{) STROBE ROWS OF KE~BOARD 


,USED 
TO TlJRfl ON SEGMENTS OF CURRENTL~ ENABLED DIGIT 


,PORT 
USED TO SCAN FOR KE',' CLOSURES 


; (NOTE 
THAT THIS 
PORT ALLOCfll ION USES 
THE HIflHER 
; C1JRRENT SOURCING ABILIl'r' 
OF THE BUS TO SWITCH ON THE 
; DIGIT 
DRPIERS, 
AND LEAVES P23-P2i3 
FkEE 
FOR IJSING 


,AN ~:24 3 PORT Ei:PAfliEk 
IN THE S.,.STEI1 ) 


POSLOG. 
DEFINES 
HHETHER OUTPUT LINES 
ARE ACm'E 
HI 
OR LOW 
POSLorj 
,'-.F(l1( [.pIVING 
CHAI"RCTERS fill{) SEG1'lENT PflTlERtlS 


BFO'i 
,fHlitES 
8115 
USED AS INPUT 


; NlIMBER OF WilTS 
IN DISPLA.,. 


. R'OWS C'F KE'6 
(LESS 
THAN OR EQUAL TO CHARNO) 


,LESSE' 
DltiENSION 
OF KE~'BOARD I1ATRIX 


-1i3H 
4 


OOH 


,[,ETERMItE 
INTER:RIJPT INTER"Al 


NUMBER OF StiCESSIVE 
SCANS BEFORE KEY CLOSIJRE ACCEPTED 


. CODE TO E:LANK DiSPLAY 
CHARACTERS. 


, (Io!OIJLD 8E 2i3H iF 
"'SCII 
r'ECOOING 
ROI'I USED OR BFH IF 
.7447-T'.'PE 
SEllEN-SEGMENT 
riCOCoER EXTERNAL TO 8748) 


inter 


I S I S- II 
PlCS-4BIUP 1-41 
I'lACRO ASSEIQER, 
112. 8 
PAGE 
6 
AP49 
INTEL 1«;5-48 
KE't'BOARD/DISPUl'1 
Ff>Pl.ICIHICN 
NOTE AF1'EIIIIX 


00ge 
0081 
0097 


186 ; .•.••*.*_ ••*•••••••***••***•••_ 
••••_-**** 
••_* 
187 , 
188 , 


189, 


190 
; POINTERS 
USED FOR IIIIIRECT 
RAIl ~CESSING: 


191 
PNTRa 
EQU 
R9 


192 
PNTR1 
EQU 
R1 


193 
NEXTPL 
EQU 
~:7 


194 


195 
; 


196 ; *.*****.*.**••••••*•••••**.**.***••*•••••••••*******.*•••** 
197 ; 
198' 
199 
, 


200 
; PNTR9 
EQlJ 


281 
; PNTRi 
EQU 


292 
ASA't'E 
EQlJ 


293 
ROTPAT 
EQU 
284 
ROTeNT 
EQlJ 


295 
LASm' 
EQlJ 
296 
ClJRl)IG 
EQU 
287 ; 


298 ; ••• _** ••••••****-* •••*--*******-* 
••••__ 
.*••• 
299 
; 
210 ; 


211 
; 


212 
NI<.£PTS 
EQU 


213 
KE'l'LOC 
EQU 


214 
KBDBUF 
EQlJ 
215 
216 
RDEUlY 
EQU 
217 ; 
218 ; 


219 
; 


229 
SEfiIlAP 
EQlJ 


221 
222 ; 


,USED 
TO KEEP TRACK OF ClftACTER 
POSITION 
BEING 


; WRITTEN INTO 


0002 


0094 
9ge-'5 


9996 
9997 


; HOLDS ACCUllULfiTOR VALUE DURING SERYICE 
ROUTINE 


'USED 
TO HIlil 
INPUT PATTERN BEING ROTATI:D THROtJ3H C••.. 


; COlllTS 
NUI1BER Of BITS 
ROTATED THROLGl CII 


; HOLDS KE'I POSITION 
OF LAST KEII DEPRESSION 
DETECTED 


; HOLDS POSITION 
OF NEXT CHfMlCTER 
TO BE DISPLA'r'ED 


; KEEPS TROCK Of 
S1.JCCESSlYE READS OF SAI'lE KEYSTW-:E 


; IraEPtENTED 
AS S1XCESSI'r'E 
KE'I LOCATIONS SCAlflED 


; CARRIES 
POSITII)j 
Of DEBWUD 
KEII FkOI1 REFRSH RMINE 


; \ 
Bl'CK 
TO !lACKGIOH) 
PROGRff1 


;lm-ZERO 
liEN DISPLAY 
IN PROORESS 


; BASE Of REGISTER 
fiRRAV FOR DISPLAY 
PATTEklf." 


; \ 
(CIllD 
BE AN'r'WHERE IN INTERNft. 
RAM) 


224; 


225, 


226 
; 
227 ; 
228 ; 


229 ; ********"************** 
••******•••••••••••*•••*.************ 
239 ; 


231 
SElECT 


NOTE THAT LASTKY, 
C/JRDIG. 
AN[) F1 RETAIN STATUS INFORMATION FROI1 


ONE INTERRUPT TfJ THE NEXT. 
ALL OTHER REGISTERS 
MAY BE USED IN 


THE USER'S 
OWN INTERRUPT 
SERIII CI NG ROUTI HE 


•• 


inter 


IsIS- 
II 
IlCs-48/UPH1 
P1ACROASsEIlBLER, 
~'2. 8 
PFG: 
7 


AP40' 
INTR 
I1CS-48 
K~BOARIi/DISPlAY 
APPLICATION 
NOTE APPENDIX 


ll{j{ll D5 


0088 
Ail 
00119 231'9 


BOOB 62 


ooeE FA 
000F 93 


232 .' 


233 ; ****••*~*********************-.*************************** 
234 ; 


235 
ORG 
2j6 
ooeH 


JI'tP 
237 
j 


238 , 


239 ; *******************************************************'**** 
249 
; 


241 
ORG 
242 ; 


243; 
TlINT 
244, 


245 
' 


246, 
247 , 


248 
TIINT 
249 


2511 
251 


252 
; 


253 ; ******·u·*****************************.•******************** .• 
254 ' 
255 ; 
256 , 
257 ; 


~'58;************************u*************.************** .•.•**.* 


mlER 
INTERIIt.Jf'T SUBl1OUTU£ 


CALL '.AOE TO UJL 
IjI3?H WHEN TIMER 
TII-lES OUT 


Tlt1ER 
CAN BE RE-INITIALLIZED 
AT THIS POINT 
IF iJESIPW 
USED HERE TO CAUSE THE DISPLAY 
REFRESH 
HNf' KE'.' SCAN ROIJTINl:S 
TO 


BE CAlLEO 
PERIOOICALL',' 


SEL 
RB1 
I'lOV 
ASA'f'E, fi 
P{N 
fl. tTI CI<' 


MO\I 
r,A 


THE IJ5ER'S 
0I0tl 
TlI1ER 
INTEf/l/IJPT 
ROUTINE 
i1F 
IT EXISTS) 
COULD 


BE PLACED AT THIS 
POINT 


259 , 
268 
261 ' 
262 
; 


263 ; 
264, 
265 ; 


266 
;*********************************************************** 


THE COHPLETE 
INTERRUPT 
ROUTINE 
SHOULD BE COPIE[, 
HERE 


TO SRYE A FIJl.L LEVEL OF SlJb'ROUTINE 
NESTING. 


IT 
WAS WFITTEN 
AS A SUBROUTINE 
HERE FOR 
THE SAKE OF CLARm 


267; 


268 
; T1RET 


269 
TlRET: 


279 
271 ; 


272 
$EJECT 


TIMER 
INTERRUPT 
RETURN CODE- 
RESTORES 
HCC VALUE 


PlOY 
A, ASAVE 


J<ETR 


00113 2300 


0012 
39 


0013 
2357 


9915 
6F 
0016 A3 
0017 92 


0018 
2337 
00lA 6F 
00lB 
A9 
oolC F1 
00H> 39 


OOlE 8821 


0020 
~ 


273 ; **********************************.'************************ 
274; 
REFR~ 
SUBROUTINE 
TO I1Ul.TIPLEX 
SEIIEN-SEGtltNT 
DISPLii'r'S 


275 
; 
EACH CALL CAUSES THE NEXT CHARACTEII TO 8E [lISPLA','E!.o, 


276; 
ACCORDING TO THE CONTENTS OF THE SEGMAr IIEGISTER 
ARRAY 


277 
. 
REFRSH SH(~JLD BE CALLED AT LEAST EVERY MSEC 01<:SO 


278 
. *******************************************~***,~,~******'u*~ 
279; 


289 
REFRSH. 
110',' 


281 
OUlL 


282 
REFR1. 
MOY 
283 
AOO 
284 
MOYf' 
28.'5 
uUTL 


286 
; 
287 
288 
289 
29i! 
291 


292 
293 
; 


294 
; *********************************************************** 
295; 
THE NEXT CHARACTER IS 
NOW 8EING 
DISPLA~'ED 
296 
; 
THE KE)'BORRD SCAN ROUTINE 
IS 
INTEGI<fiTED lNliJ 
THE DISPLAY 
SCAN 


297 
; 
101ITH THE CURRENT ROW ENERGI ZED· 
CHECK I F THERE ARE ANY I NPUl S 


298 ; ******************************************.'**************** 
299 ; 


:;a9 
SCAN' 
PlOY 


391 
IN 
302 ; 
393 
; ••••••••••••••••••••••••••••••••••••••••••• 
#1••••••••••••••••••••••••••••• 
304;" 
THIS 
BLOCK OF CODE IS 
NOT NEEDED By 
THE KE'r'BOAPr, ~.CAN LOGIC 
••• 


305 
.o" 
HOWEYER,. ITS 
INClUSION 
WOIJl.D SPEED 
THINGS 
UP Ft BI1 
B'~ 
••• 


386 
,.. 
SKIPPING 
OVER ROWS IN IoIHICH NO KE'~S APE vOWN, 
••• 


397 .o.. 
IT 
WAS OI'1ITTED HERE TO CONSERVE RCo/'lSPACE. 
BUT I1IGHT BE 
••• 


39B 
,.. 
RESTOI<:ED IF 
YERY LARGE KEYBOARDS (ESPECIALL'r 
THOSE WITH EIGHl 
m 


399." 
KE~'S PER ROW) ARE TO BE USED WITH THIS 
ALGOf:ITHI1 
m 
319 
; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


311 
.o" 
eFt 
A 
; ANY CLOSURES [!I::TECTEv ARE NO:.! ONE BI TS ••• 


312." 
ftNl 
A, .INPMSK 
m 


313 
.'.. 
JNZ 
SCAN1.o 
-IF 
A KI:Y III 
THE CURRENTU 
ENABLED ROW IS 
DOloltl ••• 
314. 
U; 
NO KE'~ IS 
NOW (lOWN 50 
THE KE'~O(, 
COUNT l'lA',' BE UP[lATEri DIRECTL'~ 
••• 


:115; 
•• 
11011 
Ft, ~PNTRe 
••• 


316 .o'. 
ADD 
A, .NCOL5 
••• 
317 
;.. 
MOV 
~NW0, 
A 
••• 
318 
;.. 
Ji'IP 
SCAN6 
••• 
319 ; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


329 .o" 
IF THIS 
CODE IS 
lIS11l, 
SUBSTITUTE 
THE ; JC 
SCFtN5' 
'WR 
LINES 
••• 


321;" 
HENCE WITH 'Jt¥.: 
SCAN5' 
TO ACCOMODATE THE INVE~:TED f'OLHI"ITY 
••• 
322 
; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


323 
$EJECT 


fl.• BLANl< :<OR SEGPOL 
PSGI1NT,fl 
;Wf(ITE 
BLANK FArTEPN 
TO :.EG CRI'.,'ERS 


Ft, .CHRSTB 
" LOOK UP DIGIT 
ENft8LI: 
PATTERN 


Ft, CURDI Go 
A[ll) CURDIG DI SPLACEMENl 
A,.~· 
ENABLE ONE BIT 
I.lF ACClJ/'1IJlATO~: 


POIGIT. 
A 
; ENERGIZE 
CHARACTEI<' 


f'1O\I 


ADD 


MOY 
MOY 


OUTL 


Ft•• SEGf'Iftf' 


A, CURr,IG 


PNTR1. A 
ft,~Tl<l 
f'SGMNT. Ii 


; WRITE NEXT SEGMENT PATTERN 


; LOAD BASE OF REGISTER 
AfRA~' 


. HOD CURDIG r, I SF'LACMENT 


; LOAD AC,'C W/ NEXT SEGMENT PA TTERN 


; ENABLE APPROPRIATE 
SEGMENTS 


PHTRe, lIKEYLOC 


11,PINPUT 


. SET POINTER 
FOR SEVERAL KE'r'lOC 
REFERENCES 


; LOACoANY SWITCH CLOSURES 
• 


inter 


ISIS-II 
IlCS-48/lf'I-41 
I1ACRO ASSEIREII, 
Y2. e 
PAGE 
9 


1'f'49: 
INTEL PlCS-48 
KEYBOftRli/DISPLA\' 
APPLlCATlO:ol 
NOTE ff'PENliIi\ 


9921 
BOO4 


9923 
F7 
0024 
OC 


9825 
F63F 


9927 
AS 


9928 
as 


9829 
Hl 


9112A 2E 
0928 DE 


992C 
8829 
992E 
C634 


324 
; •• i<••••• 
*•••••••• **.*.* ••••*••••••~.*****.*.*••*•••••••••••• 
325; 
ROTATE BITS 
THROllfJH THE CY WHILE INCI<EI'ENTING KEYlOC 


326 
.•• *•••***************••****••***••••••••••••••••••••••• 
*••• 
327. 
328 5C.AN1: 
I«JY 


329 
NXTLOC 
RLC 
33B 
I10Y 
m 
.Ie 


ROTl'llT. tNCOl.S 
Ii 


1I0TPAL A 


SCAN5 


; SAYE SHIFTED 
BIT 
PfnTEIIN 


; ONE BIT 
IN CY INDICATES 
KEY NOT OOWN 


333 
, ••••• *.*"*•••••••• **.****.* ••****.**.** ••*.****••••••••••••• 
334 
; 


335 
; 
336.; 


341 
, 


342 
.• 


343 
; 
344 ; 


345 
; 
346 
; 
347 
.; 
348 
..•••••••••••• 
_ 
•••••••••••••• 
*•••••***•••••••••• _ ••••••• 


349 ; 
3se 
351 
352 ; 
353 
; ••••••••••••••••••••••••••••••• 
*•••••• **••••••••••••••••••• 


3S4 
; 
A KEYSTROKE WAS [>£TECTED F~ 
THE COO(£NT 
COliJI'IN. 
ITS 


355 
; 
POSITION 
IS 
IN REGISTER 
KEYlOC 
SEE 
If 
5AI'IE rEV SENSED LAST CYClE 
356 ; ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


357 . 


358 
359 
369 
361 
362 
363 .; 


364 
SEJECT 


fiT THIS 
POINT 
IT HftS JUST 
BEEN rHEkIHI£D 
THAT THE WHiE 


OF KEYlOC 
IS THE POSITION 
OF A KE'~ WHICH IS 
NOlI DOWN 


THE FOLLOWING CODE IIEBOUI«:ES THE KEY, 
ETC 
IF 
I'IOOIFICATIONS 
TO THE KEYBOARD LOGIC, 
I. E 
THE INCLUSION 
(f 
A SHIFT, 
CONTIIOL. OR I10DE KEY W THE KE~' HATRIX ITSELF> 


fiRE DESIRED, 
THEV StOJLli 
BE I1AliE AT THIS 
POINT .. BEFORE 
THE DE6'OUNCE LOGIC BEGINS 
Fill 
EXAIt'lE. .. AT THIS 
POINT 


KEVlOC COLlli 
BE ClWAREli 
AGAINST THE POSITION 
OF THE. P100E 
KE'~, 
All) 
I F THEY HATCH SET Sf1'1E flAG 
BIT AI{) .I!N 
TO 


LABEL 'SCANS' 
OR, 
B~' COHPAIlING KEYLOC AGAINST THE LAST 


KE~' DEBOUI(;Eli, 
H1MI::DIATE TWO-KE',' ROLLOVER COUlli 
BE 


IHPLEHENTED. 


; HARK THAT AT LEAST ONE KEY WAS DETECTED 


.;\ 
III THE CURRENT SCAN 


338 
, 
339 ; 
349 ; 


A,@PNTR9 


A, LASTKY 


A, LASTKY 


f'lm'9, 
tNREPTS 


SCAN3 


ISIS- 
Il 
MCS-48/I.JPI-41 
I1ACRO ASSEI'lBLER, 
•••~ a 
PAGE 
HI 


AP48 
INTEL 
HCS-48 
KE~'BOARDiDISF'LAY 
APPLICI1T10N 
NOTE APPENDIX 


0038 B004 
0032 94~F 


0034 FB 
0035 C63F 
0037 87 
0038 A(1 
0039 %3F 
003'8 FE 


003C 8822 
oo3E 
AI.! 


003F 8821 
0041 HI 
tM42 Fe 
0043 ED~ 


365 ;*********************************************************** 
366 
. 
A DIFFERENT 
KEY WAS IIEAD ON THIS 
CYCLE THAN OIl THE PllEYIf)J5 
CYCLE. 


367 
; 
SET NREF'TS TO THE Cil!OUNCE 
F'ARAf'ETER FOR A NEW W..tlTOOWN 


368 ;*********************************************************** 
369 ; 
@PNTR8. ICiBNCE 


SCANS 
372 ; 


373 ;*****•.***.~**•.********************************************** 
374 
; 
5AI'IE KEY IoIRS CHECTED 
AS ON f'RE','IOIJS 
CYCLE 


375. 
LOOK AT NllEPTS. 
IF 
ALREAIN 
ZERO. 
00 
NOTHING 


376 
, 
ELSE 
VECREl1ENT NREF'T5 


377 
; 
IF 
THIS 
RESULTS 
IN ZEIIO, 
I'\O','E LASTK~' !rHO 
KBDBUF 


378 ,********.**.***.*****"*** 
••**********••"**"" ••*********** ••. 
379; 


388 
SCAN3. 
1'10',' 
381 
382 


384 
385 
386 
387 
388 ; 
389 SCfiI/5' 
:;90 
~91 
392 
393 ' 
394 • 
395 SCAN6 


:>96 ; 


397 
$EJECT 


A, [If'NTR0 


SCANS 


A 
~NTI10.A 


SCANS 
A,Lflsm' 


PNTR0, IVBDBUF 


~PNTR13..A 


; I F ALREAD'~ ZERO 
; INDICATE 
ONE ~l()FE 511CCESI~'£ 
k'EY lHECTION 


MOV 
PNTRfJ.IKEYLliC 


IHe 
@PNTR9 


1'\0',' 
fI, ROTPAT 


DJNZ 
[<.'own, NXTLOC 


DJNZ 
CURDI G, 5Cf1N3 


inter 


I51 S-l I 
MCS-48!UP H1 
IRRO 
flSSEHBlER, 
'J2 e 
PAGE 
11 


AP48 
INTEL 
PICS-48 KH'BOARD/DISPLfl'f 
APPLICATION 
I[lTE 
APPENDDi 


0047 EHIS 


0049 
B900 


8048 
764F 


004D BEFF 


804F AS 


005& 8923 
0052 F1 
0053(657 
8855 87 
0056 A1 


398, 


399 i*************",***************",******H'*****"'**************'~ 
400 
; 
THE EOLLOWIN& COllE SEGMENT IS 
USED BY THE KE'r'BOARD SCANNING ~'OlJTlNE 


4B1 
; 
IT 
I:; 
EXECUTED ONLV Af TE~ A ~EFRE5H SEQUENCE OF filL 


482 
,; 
THE GHftJlACTH'S 
IN THE DI5PLA~' 
IS COllPLETED 


483 ;**************************************"'* 
.•.**,***"'**'.'*****u .•.• 
4e4 
; 


485 
MO~' 
486 
MOil 
487 
JFl 
40S 
MO~' 
489 SCANS 
Cl.R 
4HI; 


411 ,********************************************** 
***>t,******""'* 
412 i 
THE NE~:T CODE SEGMENT IS 
THE INTERRUPT-DI' l'v'EN PORTION OF THE 'DELAY' 


413; 
UTILIW 
IT 
D£CREI'1£NT5 RRt1 LOCATION 
'RDELAY' 
ONCE PER OISPLAY 
SCAN 


414; 
IF 
' RDELAY' 
IS 
NOT klJ:EADV 
2£1'0 


41'5 ,;******* ************************* 
**** h********."**'********"- 


(;LJRI)I G, ICHRRNO 
~'NTRe,Ie 
; PNTR8 STILL 
CONTAIHS IKEllOC 


;JUMP 
IF 
ANY KEVS WERE r~TECTcD 
; CHANf.iE <LASTK'O 
WHEN NO KEYS FIRE [)OWN 
LASTK\',I0FFH 
F1 


416 ' 
417 
418 
419 
429 
421 
422 ; 


423 
SCAN9' 
REI 
424 , 


42~ ;*,",**",**",****.,****,."***,***+,,."1''1<'''' 
•• ,*"'**"***'*'1"**********+,***** 
42b ; 


42~ 
. GHRST~ Ie, [HE BA~.( ~& IHt: H;fTERlb 
10 ENHBLE ONE-OF-CHftJlNO CHARACTERS, 


PNTRL IRDELft'r' 


A,@PNTRl 


SCAN9 


fl 


~'NTRLA 


0057 
42::; Ujl<~iB '::I}IJ 
d-l! fl"':, 
IjFFH 
0058 III 
4~~.· 
r't; 
\ ~-J>J""-1l:.I>:!lB 
>:fJ!" 
CHRhJL) 


ea~59 (1~ 
~:~l 
" 
(lttl3(101:11UE: :~;j~: 
CHRPOLi 
.'1:' 


a.)5A 
i).j 
4:1 
vI:. 
\ [1t\{1LJ8:!(':tE· 
i(')!<. 
'~HRPOU 


0(''5E: 03 
4}2 
VE- 
I 3Ol-),1 we0E: mR 
CHRPOL) 


!!05C 
1t:l 
J:?:' 
f)f' 
' 0f:11)100308 XOF' CHRPOU 


81):'') 2!-' 
4?4 
DF: 
1:)(11000000 
XOR CHRPOU 


00':.£ 
41) 
45) 
r'F: 
1010800000 
XOi<' CHRPOU 
OO~ B!J 
4-,•. 
C'E: 
.:1IXttt08l:tOO XOR CHRPtlL) 


4"{( 
4(~fE 'EeT 


inter 


I~.IS-Il 
PlCS-4B/UF'I-41 
t1'lC~'D "f:c,EI'IE:t.Ef". 
Y2 0 
PAGE 
12 


AP40 
INTEL ~S-48 
rf~'BOfWr')f'!SPLI<',' 
APPLICATION 
NOTE ff'PENrJIX 


l~ 
[)5 
~tI:,1 BF08 


00.;:: 
8:322 


lJ€t6 5 B€tFF 
~7 
Bf.<21 
i:le69 
B((010 
0068 2:!~ll 
006[\ 
311 


flfJ6E C5 


006F 
149E 
0071 A5 
0872 23F~ 
00('4 
62 
t1015 55 


0€176 25 


0077 14lE 
0€t79 8281 


0078 
14SA 


9£170 
1400 
007F 9477 


47,9 ,nlIT 


44~ 
INIT 
441 
442 
44: 
444 


445 


446 
447 


448 
449 


450 
451 
452 
453 
454 
455. 
456 , 


457 ;***~.**~********************.*********.*****.*****.********* 
458 
; 
459 ,ECffJ 
oWl 
. 
461; 


i1G\.' 


~!OV 


t'I01y' 


110'.' 


~'lo:l,' 


'.II.1TL 


SEL 
CALL 


CLf" 
r10\l 


MOil 


STR1 


EN 


RB1 
(I.lROI G, 'CHARNO 


PNTRe. ,m:oBtlf 
~·'me.IOfFH 
PNTF:8, IVEYLOC 
~NTk0,10 


fUINPI1SK 
<'l1f'IJTo 
A 


RBe 
CLEAIi 
t1 
A.nICK 


ToA 


T 


lUlTI 


CHECK FOR RN't' NEW KEYSTROKES [iTECTE[) 


lRflNSLATE 
EACH KEYSTROKE INTO H SEGIENT 
PATTEk'N 


liNt' WPlTE 
IT 
INTO H£ APFl10PRIATE 
r'ISPLA'l' 
REGISTER 
46~ " 


463 ,~*u •.•,**********************-*******".************u******** 
464 • 
465 EClfI" 
4f.-5 


467 , 
468 , 
469 
470 
471 


CALL 
V.Bl) IN. 
1JE1 NEXT KE'r'STROKE 


lB5 
HEY 
. JtW 
IF KE'r' IN RIGHTHfHI 
COllR1N 
SINCE 
THE AC-C IS 
lJSE[l f;1' EN('ACC AND RENTR'r', ns C~TEN1S 
I1UST 


BE P~'OCES5E[:' 0.: SA'fEl) f"EFOl''£ ENCflCC IS CAlLED 


CALL 
Er~ACC 
; FORH APPROPRlftTE 
SEGHENl 
PATTERN 


CALL 
P.ENW,' 
; WRITE PATTERN INTO DISPLA'l' 
REGIS1ERS 


JMP 
ECHO 
,LOOF 
INVEF INITEL 'r' 
472 
; 
473 FVT'r' 
Ji'lP 
474 .: 


475 
$EJECT 


• 


inter 


ISIS-ll 
t'lCS-48/!JF'1-41 
;'ii1C~'O HSSEf1E:ll:~·· VZ.6 
F'Flf.iE 
E 


HP4~1 
INTEL MCS-4~: KE'~B(iF<F'['/[)ISPLH', A~f-LICATION NOTE APPENtiIi: 


£1083 8922 
~flt:5n8~ 
~e87 21 


13€188 ~'28: 


<IO~:AfG8E 


€teBC 8:- 


0L38f.t 
~~: 


f!ftSE 


()~8E 'IF 
OO~:F 1l? 
0090 'It 


~1(1Yl 28 


tl£19~' 18 


<if194 19 


3f195 24 
(j(j96 14 


tm97 15 
0t198 16 
00~9 2~ 


Ot19A 11 


~109E: 12 


tt':t9C 1} 


0,19(; 21 


T4E olUOWHlG 
SUBROUTINES IMPLEMENTTHE UTILITIES 
COI1I1ONLY USED FOR 
t'~)ST rE'iBOp.~W[)15f'lA'i 
APPLICATIONS. 
7HE',' cnULl' BE U~'[P EXFiCTlY AS SHf)olNHERE OR AOff'TED FOR SPECIAl 
CASES 


47Q 


J8f1 . 
481 . 
4,:2 . u**·, ,'H H U •.•.UHH 
••.••.'>H******·r** •.*********************** 


48; 
; 


484 .;VEt'If' 
4He; 
, 


4:::6 
; 


48;.' 
I 


488 
. 


i89 
. 


49fl KE:(;nJ 


491 
4G2 
'I':': 
494 


VE','BOAPlr INPUT SlJBhUJTI HE. 
((~JL[i E:E USEC' 10 INTH'FACE THE USER'S 
BACKGROUNDPROGRAI1WIlH 
THE INTE"P!}PT [iRIVEN i<EYBOARllSCANNER. 
PETIJ~N:: UNl',' AFTER A NEWK!:S5TRGKE HAS BEEN DETECTED AND DEBOUNCED. 
EtIC,:'liEll 'JALIJE OF f:E',' (~ATHER TI1AN ITS POSlTIC'1 
IN SWITCH MATRIX) IS 
FETU;;:NE.DIN THE RCCljt1UlAlQF' 
11:)1/ 
PNTRL *f:B[oBIJF 


11'.1',1 
R, *S(11l 


:.,:1). 
~, I~PNTPl 
IE.;' 
KBDIN 


HD(, 
A, *LE.GN[i5 


l'IOW 
A, I~A 


RET 


; KBDBUF 101III 
BE MARKEDAS CLEAR 
,LORl! BlIFFER vAlLIE 


.:AOO BASE OF KEY ENCOOING TflBlE 
,OBTAIN BYTE REPRESENTING KEY SIQ~IFlCANCE 
40lt 


437 
' 


-l?i:: 
. 


4::O~ . LEGNl)S IS THE 8liSE FOl<'TflBlE SHOWING"E'~MATRIX SIGNIFICANCE 


'5~IA . 
FC4I THE f~E't'B('!f<j;'[)lISED IN THE PROTOT't'PE. 


51J1 
.: 
I'E't' LA','OIJT IS AS SHOWNTO THE IiHiHT. 


'j0~ 
'KiTE THAT E'ITt5-S!T4 
I1A't' BE lISED TO ENCODE KE'i TYPE. 
IN THIS CI1SE. 


:',134 
; 
EeIH 
HlDICflTES "'EGl.tAR DECIMAl DIGITS, 


510':' . 
t:!T~. !NviCAiES 
RIGHT-COLUMNFlJtlCTION KE'r'S, 
5~t: ' 
81 Tt: INNeATES 
PlINCTUATION tlRRKS ( * AM) • 
) 


~,138lEGUUS 


509 
510 
511 
512 
513 


:;24 
~,25 $LTEC; 


r.:(~.1 
i$ ANI) eFFfi" 
,USE LOW Cif'toERBITS AS TABLE It«X 


r,B 
4FH 


)B 
1~lH 
l'E: 
4EH 


[,8 
28H 
PDIGIT4==) 
i 
2 
3 
(1) 


t'E: 
17H 


flO' 
18H 
PDIGIT5==) 
4 
J 
6 
(2) 


l'8 
19H 
['B 
24H 
PDIGI T6==) 
7 
<I 
9 
(3) 


lIE: 
14H 
DB 
15H 
PlIIGIT7==) 
0 
• 
(4) 


[\f:: 
16H 


DB 
22H 
l<E· 
llH 


[IE: 
12H 
Y 
1/ 
1/ 
Y 
[lE: 
EH 
FINf1JT? 
PINP\JT6 
PINPUl5 
f'INP\JT4 
DB 
2iH 


inter 


ISIS-II 
HCS-48'UPI-41 
HHCFO FtSSEI'IBl!:J<, V2. e 
PAGE 
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AP40 
It-ITEL HCS-43 
KE','SOHRD/(JISPLAV APPLICATION 
NOTE APPENliIX 


e09E 
D313 


OOt1tJ89~3 
00112 ~.Ff)8 


00ft4 
A1 


fJ€IA5 19 
00R6 
EFFt4 
Ol!fl.S BF03 
13(1AA83 


OOAB FB 


lJefiC 
A3 


eeAD C6B4 


eMF 
14D0 


0081 13 


OOB2 fJ4AB 
~1B4 83 


0085 
flfJB5 1E 
~1I3B6 5(: 


(10B7 74 


(ItlB3 54 


0tlB9 00 


55ft ;.ILL 


531 
CLEAA 


532 FILL 
5:;~ 
534 CUi' 
5~5 


536 
537 


WRITES 'BLANK' 
CHARACTERS INTO ALL DISPLAY REGISTERS. 
F'ETI.IRNS WITH NEilTPL SET TO LEFHlfJST 
CHARACTER POSITION 


WRiTES 5~GMENT PATTERN NOW IN ACC INTO AlL DISPLA¥ 
REGISTERS 


MO~ 
A,_BLANK X~ 
SEGPCl 
~lOY 
PNTRi, .SE~P"1 
~i 
IlEXTPL WiAAND 


t'lIJ\I 
@PllTii'l." 


HlC 
F'NTR1 


DJliZ 
NEXTPL CL!?1 
HOV 
NEXTPL, ICHARNO 
RET 


; STOff 
THE BLANK CODE 


,POINT 
10 NEXT CHARACTER TO THE LEFT 


538 
539 
; 


540 
; ~****.•.****u:*****"'******************** 
.••******************** 
541 ; 
542 
,PPINT 
543 .; 
544 
; 


545 ; 


546 
' 
547 ; 
548 . 
549 
P~'INT: 


55e 


551 


552 
553; •• 


554 
555 
556 PRIm 


SUBROUTINE TO COP\' Ft STRING OF BIT PATTERNS FRCtl ROM TO THE 
DISPLA'r 
REGISmS 
STRING STARTS AT LOCATIC»l POINTED TO BY F'NTRB. 


CONTINUES UNTIL ~ 
ESCAPE CODE (eFFH) 
IS REACHED. 


NOTE THAT THE CHARACTER STRING PIJT OUT I1UST BE LOCffTED 011 THE SAI'E 
F'rtGE AS THIS SIJBF..'OUTI'£, 
SINCE SAME-PAGE MOVES Alii IJ5ED 
PRINT 
IN WRN CALLS EITHER SIJBl.;'(llITINE 'WDISP' 
OR 'RENTRY' 


TO ReWAlL'r 
EFFECT WRITING INTO THE DISPLfl'r' REGISTERS. 


MOil 
A, PNTR0 
; LOflD NEXT CHARACTER LOCATION 
MOYP 
A, @A 
; LOAD BIT PATTERN INDIRECT 


JZ 
PRNTl 
; ESCAPE PATTERN 
CftlL 
WCiISP. 
OUTPUT TO '~EXT CHARACTER POSITIOO 


ICALL 
RENT!"',' 
INSTEAf) IF MESSAGE IS TO BE RIGHT JUSTIFIED) 


INC 
PNTPtt, 
INDEX POINTER 


JMF' 
PR!NT 
PET 
,DONE 


558 
;*"''l't***********u******************************_-..******* 
559 
, 


':f.0 , JOHN 
561' 


562 
JOHN 


563 


564 
565 
566 


567 


568 
' 


56~ 
$E..TECT 


~AY 
HQL[)S THE BIT PATTE!"NS FOR THE LETTERS' 
JlHl' 
(SEE 
'TE5T2') 
(NOTE THAT 'OHN' 
IS WIIITTEN IN LCiIoERC'ASE LETTERS) 


EQU 
$ AND 0FFH 


r~ 
eee11118B 
XOR SEGPCl 
[lB 
(110111008 
XOP SEGPOL 
['B 
(11110100B 
XOR SEGPCl 
(£ 
01810113eB 
XOR SEGPOl 


DB 
00 


eOBA 530F 
eooc f.l3CB 


oeSE A3 


OOBF 83 


Bon' 
OBCB ?F 
;JBCl 06 


OBC2 58 
€itO 
4F 
00C4 66 


OOC5 6D 


OOC6 ?D 
OOC7 07 
OKS ?F 
OOC9 6;' 


OOCA 77 


BOCB 7C 
BKC 39 
OIlW 5E 


OOCE 79 
OttC, 71 


!lOOtl A9 


OODl FF 
€10D2 €i33? 


OOC'4 29 


BiJD5 A1 


0006 
EFDA 
9aos 
BFOO 


O€l/)A 83 


570 ; ************************************-1<******," 
**,~************ 
571 
; 
572 
; ENCfiCC ENCODES lSNIBBlE 
OF ACC INTO HE:, BIT 
F'ATTERII INTO Ref 


573 
ENCACC 
ANl 
A, tENCMSK 


574 
ADll 
A, tDIJPATS 


575 
MOW 
A,@A 


576 
.n 


577 
,NjPATS 
IS 
THE BASE FOR THE TAKE 
OF SE6I'1ENT PATTERNS FOR THE BASIC 
~,?8 ,r'IIJIT~, 
HERE THE FULL HEX SET 
(f)-F) 
IS 
I NCLliDED, 


'579 
; FOR iofANY iJ~U' 
;;pcu 
CATI OIlS, 
Tl-iE CHARACT~;;' SET I1A'r' BE AMENDED OR flI.JGPIENTED 


5S0 
,TO 
!NCU.H 
AWlTlONAL 
SPECIAL 
PURPOSE PATTERNS, 


)'::1 
; FOR~lAT IS 
PGFErJCBA 
IN STANOfIf~D SEVEN-SEGMENT ENCOOHlG WNVENTION 


582 
; 
WHE.'E P .'EPRESENTS 
1'HE DECIMAL POINT 
583 
[i(;PATS 
EOIJ 
584 
DB 
585 
DB 
586 
00 
537 
llB 
588 
[i8 
539 
CIf: 


5911 
VB 
591 
DB 
592 
[if: 
593 
08 
594 
CoB 
595 
l)B 
596 
VB 
597 
C'B 
598 
(,B 


599 
r,B 
600; 


S Al'IV 0fFH 


001111118 
:><01'SEPOL 


0w00119B 
~OR SEGPOL 


BHJ1HJl1B 
'<OR SEIJPOl 
0Hl(,l111B 
:~OR SEGPOl 


0110011tlt: 
XOR SEGPOl 


(lll0llB18 
XOI" SEGPOl 
(lllll1B1B 
XOR SEGPOl 


aBe~lo111B 
i'.oR SEGPOl 


01111111B 
X(lR SEGPOl 


<111091118 
XOR SEGPOI. 


0111A.ll1B 
i.OR 
SEGPOl 


01111108B 
XO~' SEGPOL 


(18111801B 
XOR SEGPOl 
;:1101111I3B 
:<01<:SEGPOl 


011110018 
i:OR SEGPOl 
011100018 
i;OR SEGPOl 


681 ; *****~,***."."""******************************************-1< 
6~2; 


~;03 
; W['15P 


604 ' 
685 ; 
6!l6 Iol()ISP 


607' 


6BS 
609 
610 
611 
612 
613 wr,ISP1 
614 : 


E,15 $EJECT 


WRITES BIT 
PATIERN 
NOW IN ACC INTO NEXT CHARACTE•. POSITION 


OF THE NSPlA'r' 
iNE;<TPU 
ADJUSTS 
NEXTPL POINTE'" 
VALUE, 


IIESLIUS 
IN DISPLAY 
BEING FILLEr' 
LEFT 1'0 RIGHT, 
THEN RESTARTING 
110',' 
PNTRLA 


1'10',' 
A, NEXTPL 


ROO 
A, tSEGMAP 


XCii 
H, PNTR1 
J'~)V 
@PNlR1, A 


VJNZ 
NEXTPL, WDISP1 
MOil 
NEXTPL" .CHARNeI 


RET 
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A1'40 
!NTEL MCs-43 
IcE','BOA!1[l/DlsPLHY 
AF'PLICATION 
NOTE APPENDIX 


00[lB 8938 
OOD[i BFaB 
aeDF 21 
eftEll 19 


001:1 
EFOF 
00£:3 SF03 
00E5 83 


00E6 23ft1 
00£8 0337 
OOEA ft9 


iJ0EE: 1"1 


e0EC r,)8~ 
~\OEEA1 
[ti;lfF 8] 


ft0F13 D5 
llOFl FE 
etlF2 (5 
.t(tf3 37 


ftOF4 
96F0 


£teF6 83 


OOF7 B923 
001'9 Al 
BftFA F1 
i3eFB 96Ffi 


OOFD 83 


616 , .•***•.****••• **.••.•*•.**.** •.•******.•*.•**.•***"'**.•***.••••.•*••••• 
617 
61:3 
RElIWI 
SUBROUTWEPJ 
ENTER ACC CONTENTS INTO THE RWHTHOST 
DIGIT 


619 
. 
~r\ SHIFT 
EVERYTHING ELSE ONE PLACE TO THE LEFT 


62£1 ~'ENT~"I 
~1IJV 
PlnRL 
'SEGMAP+l 


621 
110\1 
NE'~TPL. 'CHARNO 
E·22 RENT~'l 
:\CH 
A.I;PNTP1 
,,2:: 
IN': 
Hm'1 


624 
DJNZ 
NEXTPL. RENTRI 


625 
MOil 
NEXTFL..ICHARNO' 
HIINT 
TO LEFTMOST CHARACTER 


6.26 
RET 


628 , .•t••.••.• 
*••••.•*.••t"'*.**·"'.•.•**** •.•·•.******.••.•*.••*.•u************ 
6<'9 
, 


631:1 
; R[>t'HW 
TOGGLE DEC!MflL POINT 
IN LAST CHARACTER DISPLAY 
CHAi':ACTER 


6]1 
. DP~)l) 
TIJIjGLES [ferMAL 
POINT 
IN THE CHARACTER POINTED 
TO BY THE ACe 


633 
PDPAW. 
MOV 
634 ['PA[l[' 
A[iD 


635 
MOY 
636 
110'1 
637 
::r;t 
E:38 
110\! 
639 
F:ET 


• SET 
INDEX TO RIGHTt10ST 
POSITION 


'ACCESS 
DISPLA',' 
REGISTER 
FOR I!ESIRED 
PLACE 


A, i131H 


A, iSEGMAP 


PNTRL'l 
fl..~PNTPI 


., .• S'IH 


@PNTRl,fi 


MB. 


641 . ,*·•.••••*H*.****** .•.•***********"'******* .•.•************.*** •.• 
642, 
64]; 
HOW 
644 ; 


645 
HOLD 
646 
647 
648 
649 
650 
6~;1' 


652 
;***.•*.•*.•*.•*.•.•**.•******.•**.•*****.•t*.•*.•************.******** .• 
65]; 


654; 
[!fLAY 
655; 


656 
DELAY 
657 


658 
[>fLAY1. 


659 
£.t:e 


661 fEJECT 


SUBROlJTl tiE CALLED WHEN KEY IS 
KNOWNTO BE DOWN. 


WILL NOT RETUf-:N UNTIL 
KE~' 15 RELEASED. 


SEL 
RBI 
11011 
A. LASTK', 


SEL 
RBO 


CPL 
A 


JNZ 
HOlD 


RET 


SUBROUTINE HANGS UP FOR THE NUMBER OF COIRETE 
DISPLA'I 
SCANS EIMtL 


10 
THE COIHENTS 
OF THE ACf.lJMlILATOR WHEtl CALLED 


MOil 
PNT~:L iRERRY 
MO'.! 
@F'NTRLA 


110'1 
H, I~PNTRI 


JIIZ 
rJELA~'1 


RET 


• 
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AP4a 
INTEL /lCS-4~ 
1H'8l)fll<[,/[JISPLA~' 
APPLlCftTlO/ol 
N01E APPEN[,Ii<:' 


':1100 1212 
eHt2 
32tlE 
0104 52eA 


ale6 14H 
1110e >34,7 


(tHlA 342E 
WIC B477 


(tHIE 3424 
011e e477 


0112 3416 
8114 0477 


8116 BF8S 
011B 8808 
911ft FF 
flUB 14Bfl 
011D 14D9 
aUF 
E81A 
0121 BF08 
9123 83 


6€.4. tHH"Ht .••t·'''''''·H """h .•**.•.•.•·t"*""*"'" .•••..•.••.••.•••.•••••••.••• 


66':' 
; 


"E.€- ; TliE COOE ON THIS 
PAGE IS FOP [H1OIlSTPATlOIj 
PUI/POSES ONLY- 
6/:·7 . I T~'l.1EL\' llOIJE:T ~HETHE:~ Atl',' Elll) IJSEF'S ,lOll() 
LIKE 
TO SEE A Nftt1E 


668 
. F'OI'Pltl('j 
UP ON TI£I" 
CAlC1.ILftTOP S(,~'EEN5 


60 ;~OI-lEvER 
THE ((jf'E 
SIOIII 
HEF'E OOES It{ilCftTE 
HOW TI-lE UTILITY 
SUBROUTINES 
~7e 'Jr~~U(iE[' 
HE~'E ('::d.ll[J E:E f'l(CESSE[J 


671 
. THf ~'(H.lTItIE:· ·YEt~.ELI,IES 
>!F'E CAlLEr, 
WHEN ONE OF THE FOUl< BUTTONS 


6·;'2 
(~I THE ~'lGHT -HFtNV SWE 
OF THE F'I"OlOWPE 
KE~'BOA"[) 15 PRESS-ELo. 


6~:' 
t.( 4 
..••••..•.•••. 
t..l t •.•*••• t·•.••.•·••••.•.•.•.•.•.•.•.•.•**t·.••·.***t·*.••• t·.•••• 
·••.••.• 


675 
P6 .~UNCTN POIJTINE TO IMPLEMENT ONE o~ ~OU" OEMIJ UTILITIES 
.. ACCORDING 
6'17 
, 
TO ,JHIeH OF THE FClI.!" F1.~I(.TION KE','S WAS PRESSED 


678 
FUNWI 
JBa 
FIJNCl1 


K~ 
..J81 
FIJNCT2 


68ef 
.)E:2 
FI.!NCn 


681 
682 
FI.~b:T4 


683 
6~:4 . 
158'5 FUlICE 
H'E. 
687 ; 


688 
FIJNCT2. 


68~ 


690 ' 
691 m<CT1' 
692 


CflLL 
~'DPAOO 


J"lI' 
ECHO 


Ci1l.L 
TESE 
JI'1P 
ECHO 


CALL 
lEST2 


JMI'" 
ECHO 


CAlL 
TEST1 
JI'II' 
ECHO 
693 ; 
6~4 ; "~*-.*"'t 
.*~*•• *.•**•••.• ~•.•.••• **••• ~.•••.•• **•• **••• *****.***. 
69'5 
. 


E96 .TEST1 
697 TEST1 
698 
699 TsH1 
700 
7el 
?02 


7133 
784 
785 . 


706 
SEJECT 


COOf :'[GI'lENT TO FILL 
()ISPUW 
REGls1H5 
WITH DIiJITS 
DOWNTO T 


1'1/)\1 
NEi(TPL JCHflPrl(, 


1'lO'" 
PNTRe., 'CHflPNO' 
SET FOR EIGHT LOCJ' REPETIT IONS 
1'10\1 
fl, NEXTPL 


CALL 
ENeACC 


CAlL 
WDISP 
[i,1NZ 
PNTR0, TSTU 


MOV 
NEXTPL JCHARNO 
RET 
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INTEL WS-48 KE\'BOAA:D/DISPLA'r' APPLICATION NOTE APPENDIX 


0124 B8B5 
0126 HAS 
912:, 
2364 
012A 14F7 
012C 049E 


012E 2340 
01313 14AO 
BE2 
14F9 
91:<4 B49E 


797 ; ********·t************************************************** 
7~18; 


799 
; TEST2 
719 ; 


711 TEST2 
712 
713 


;'14 


71'5 


WRITES THE SEGMENTPATTERN FOR 'JOHN' 
ONTO THE OISPLA'r'.. 


~ ITS FOR A WI!I LE, 
AND THEN CLEARS THE DI SPLA'r' 


HOII 
PNTRfJ,IJOHN 
CALL 
PRINT 
t10V 
A, 1100. 
SCAN [)I SPLAY FOR 100 C'r'CLES 


(:ALL 
DELA'r' 


lt1P 
CLEAI' 
('16 ; 
717 ;*******'!.**,,*'*********************************************** 
718 
, 
719; TESE 
729 ; 
721 
; 


722 TESE 


SU8!iOI.ITINE TO FILL 
DISPLAY WITH DASHES 
JI.lMPS INTO SUBROUTINE 'CLEAR' 
AS SOON~. 
THE m' 
IS IIELEflSED. 


I'~JV 
fl, .019000008 
\(OR SEGPOl. ; PATTERN FOP' 
-' 


CALL 
FILL 
CALL 
HOl[; 


IMP 
CLEAR 
72€ 
j 
727 . H t****." •• H*********************************************** 
728 ; 


729 END 


lISH' 
S'.'PlE:OLS 


ASfiVE 
oa92 
BLANK 
0090 
CHARNO0008 
CHRF'OL0000 
CHl/STB 0957 
CLEAR 
e99E 
CLR1 
ll0A4 
ClJ/IHG 8897 
L)EE:NCE0~t04 
DELA'r' 
~19F7 
VELA'r'l 
99FR 
DGPATS aoce 
WADO 
9eE8 
ECHO 
9977 
ENtACC 0eaA 
ENCt1SK999F 


FILL 
aaA9 
FKE\' 
0031 
mlCTl 
0112 
FUIU2919E 
FUNcn 
91BA 
FUNCT4 0196 
FUNC1N 9100 
IIllD 
OOF0 


INn 
13060 
INPHSK €t9F9 
JOHN 
0005 
KBDBlJF 9022 
KBDIN 
0003 
KEI'lOC 0021 
LASTK'r' eOO6 
LEGN>S ll98E 


NCOlS 
0004 
NEGLOGooFF 
NEXTPL 9007 
NREPTS 0021'1 
NROIIS 
OO£l4 
NXTLOC 0923 
POIGIT 
0019 
PllflUT 
0099 


F'NTRO 0000 
PNTR1 
00131 
POSLOG oaoo 
PRINT 
BaAB 
PRNTl 
00B4 
PSGMIIT OOOS 
RDElA'r' 0023 
RDPAOOll9E6 
pm'l 
ftflE 
IIEFI1SH (1010 
~'ENTR1 90DF 
IlENTR'r' wile 
ROTCNT 0005 
ROTPAT 9994 
SCAN 
001£ 
SCfItl 
9921 
SlAN~ 
0(1]4 
SCA~15 003F 
SCAN6 
€ll345 
SCAN8 
0£l4F 
SCAN9 
0057 
SEGMAP9837 
SEGPOL 9999 
TESTl 
8116 
TEST2 
0124 
TESE 
012£ 
TICK 
FFF€l 
TIINT 
0007 
TIIlET 
00IlE 
TSTl1 
911A 
Iolf)!SP 
ll900 
~1SP1 
ll90A 


ASSEPlR~' COMPLETE, 
NO ERRORS 


~-_.... 
•• 
ASAI/E 
202t 
249 
269 
BlAlt·· 
179t 
m 
531 
C.HARNO 173t 
229 
49.5 
441 
533 
,,~~ 612 
621 
625 
697 
698 
793 
.J~( 


C.HRF'OL 1691 
429 
430 
m 
432 
4Ij 
434 
435 
436 


CHRSTB 
282 
428_ 


ClEAF 
449 
5311 
715 
725 


CU1 
534_ 
536 


CiJRDIG 
2861 
2B3 
289 
395 
495 
441 
DEE.'NCE 178_ 
}7e 


fHAY 
656_ 
714 


vELA','! 
658. 
659 
[(;PAi~. 
574 
583_ 
oPAU', 
~34' 
Wf.J 
4651 
471 
68:1 
686 
6&'9 
692 


EIICHeC 
469 
573. 
700 
ENCMSK 1S:51 
5?'05 


FILL 
532. 
723 


FKEY 
466 
4731 


FLINCH 
678 
6911 


PJNCT2 
679 
688t 
FLINCH 
680 
685_ 


FLlNCT4 
682_ 


FIJNCTN 473 
678_ 


HOW 
645' 
649 
724 


INIT 
236 
449. 


INf'HSK 
1711 
446 


JOHN 
562_ 
711 


KBPBlJF 
214_ 
386 
442 
4913 


KBllIN 
465 
4get 
493 


KEYlOC 
2131 
390 
389 
444 


LA5TKY 
295. 
359 
369 
385 
498 
646 


LEGNfJ$ 
494 
ses_ 


NCOlS 
1751 
328 
NEGlOG 
167_ 


NEXTPL 
1931 
533 
536 
537 
697 
611 
612 
621 
624 
625 
697 
699 
793 


N!''EPTS 
212. 
361 
NROIoIS 
174t 
NXTLOC 329. 
392 
PDIGIT 
158. 
285 
PINPUT 
1691 
381 
447 
PNTR9 
1911 
300 
3-">8 
361 
379 
38ll 
383 
386 
387 
389 
:s99 
496 
442 
443 
444 
445 


549 
554 
698 
782 
711 


PNTR1 
192. 
290 
291 
417 
418 
421 
4913 
492 
532 
534 
535 
696 
699 
619 
629 
622 


623 
635 
636 
638 
656 
657 
658 
P051(l(j 
166_ 
169 
179 
PfINT 
5491 
555 
712 


P~'NT1 
551 
556t 
PSGtlNT 
1591 
281 
292 
I/OELA'r' 
2164 
417 
656 
~:r,pA[i{) 63JI 
682 


REFR1 
282_ 


REFRSH 
269 
2891 
REIIT!?1 
6221 
624 
-'ENTRY 
470' 
6291 


;d ,1:. 
~,," 
$':#t. 


ROTPfH 
21m 
~;B 
391 
SCfiN 
300i 
SCAN1 
328. 
SCANs 
362 
;80. 


SUlN5 
331 
371 
381 
384 
389. 


SCAN6 
395. 
SCANS 
4137 
4I:l9. 


sCHN9 
395 
419 
423. 


SEGI1AI' 
22llt 
288 
~~~ 6£IB 
62e 
634 
",. 
SEGI-'Ol 
17llt 
2W 
531 
563 
564 
565 
566 
584 
'5S5 
586 
587 
5S8 
589 
590 
591 
~92 


593 
594 
59'5 
5% 
597 
598 
599 
722 


TEST! 
691 
6971 
TEs12 
688 
7111 
lESE 
6B5 
722. 
TICI( 
177. 
250 
451 
T!IHT 
248' 
TlRET 
269. 


TSTll 
699. 
7132 
W[.1SF' 
552 
606. 
,ft1 


WDISP1 
611 
613. 


U'OSS RErERENCE COI'1IU TE 


intJ 
APPLICATION 
NOTE 


inter 


The Intel"' MCS·48 family of microcomputers marked 
the first 
time an eight bit computer with 
program 
storage, data storage, and I/O facilities was available on 
a single 
LSI chip. The performance of 
the initial 
processors in the family (the 8748 and the 8048) has 
beenshown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently introduced 
which promises to allow the use of the single chip 
microcomputer in many application areas which have 
previously 
required 
a 
multichip 
solution. 
The 
In· 
tel"' 8049 virtually doubles processing power available 
to the systems designer. Program storage has been in· 
creased from 1K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128bytes, and process· 
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36microseconds.) 


It is Obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution in a single chip microcomputer. This ar- 
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en- 
countered design Situations. The modules included are 
full duplex serial I/O,binary multiply and divide routines, 
binary to BCD conversions, and BCD to binary conver- 
sion. It should be noted that since the 8049 is totally 
software compatible with the 8748 and 8048 these 
routines will also be useful directly on these proc- 
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should allow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 


FULL DUPLEX SERIAL 
COMMUNICATIONS 


Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con- 
necting a terminal to the microprocessor based system 
for program generation and debug, the main impetus 
has been the simple fact that a large share of micro- 
processors find their way into end products (such as in· 
telligent terminals) which themselves depend on serial 
communication. When it is necessary to add a serial link 
to a microprocessor such as the Intel'" MCS·85or 86the 
solution is easy; the Intel'" 8251A USARTor 8273SDLC 
chip can easily be added to provide the necessary pro- 
tocol. When it is necessary to do the same thing to a 
single 
chip 
microcomputer, 
however, the situation 
becomes more difficult. 


Some microcomputers, such as the Intel 8048and 8049 
have a complete bus interface built into them which 
allows the simple connection of a USARTto the proc- 
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial 
hardware and software 
constructs. 
The difficulty 
with 
using 
these chips, 


however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS-85or 86, have a 
significant cost impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under soft· 
ware control with no hardwarerequirements beyond two 
of the I/O pins already resident on the microcomputer. 


There are many techniques for implementing serial I/O 
under software control. The application note "Applica- 
tion Techniques for the MCS-48 Family" 
describes 
several alternatives suitable for half duplex operation. 
Full duplex operation is more difficult, however,since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty is made more severe if it is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, is a common operation of 
single chip microcomputer based system which might 
haveto occur concurrently with the serial receiveltrans- 
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The design goal 
was to allow 2400 baud, full duplex, serial communica- 
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 microcom· 
puter. 


The format used for most asynchronous communication 
is shown in Figure 1. It consists of eight data bits with a 
leading 'START' bit and one or more trailing 'STOP' bits. 
The STARTbit is used to establish synchronization be- 
tween the receiver and transmitter. The STOP bits en- 
sure that the receiver will be ready to synchronize itself 
when the next start bit occurs. Two stop bits are nor- 
mally used for 110 baud communication and one stop 
bit for higher rates. 


START 
STOP 
BIT 
01 
02 
03 
04 
05 
~ 
07 
~ 
BIT 
LJ~~~~ 


The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400baud operation a crystal frequency 
of 9.216MHzwas chosen after the following calculation: 


f = 480N(2400)(4) 
where 480 
is the factor by which the crystal fre- 
quency is divided within the processor 
to get the basic interrupt rate 
2400 
is the desired baud rate 
4 
is the required number of samples per 
bit time 
N 
is the value loaded into the MCS·48 
timer when it overflows 


III 


inter 


The value N was.chosen 
to be two (resulting 
in f = 9.216 
MHz) so that the operating 
frequency 
of the 8049 could 
be as high as possible 
without 
exceeding 
the maximum 
frequency 
specification 
of the 8049 (11 MHz). 


; 1 IF RECEIVE FlAG=e llEN 
; 2 
IF SERIfI. 
IIf'\IT=SPACE llEN 
; 3 
RECEIVE FlAG:=1 
; 3 
BYTEFINISI£l) 
FlAG: =8 
;2 
OOIF 
; 1 ElSE 
SINCE RECEIVE Fl!&-; 
T1£N 
; 2 
IF svr«: FlAG=e llEN 
; 3 
IF SERIfI. 
Itf'\lT=SPfa 
T1£N 
; 4 
svr«: FlftG:=1 
;4 
DATA:=8l!H 
; 4 
5fff'lE 
CIITR:=4 


; 3 
ElSE 
SINCE 5fRlfI. 
Itf'\lT~ 
11£N 


; 4 
RECEIVEflAG =8 
;3 
EIt>IF 
; 2 
ElSE 
SIfq 
S'II«: FlAG=1 llEN 
; 3 
5fff'lE 
CfUflER: =5fff'lE 
CfUflER-1 
; 3 
IF 5III'l.E 
CWl1ER=8 TI£N 
; 4 
5III'l.E 
CfUflER: =4 
; 4 
IF BYT£ FINISI£l) 
FlAG=8 llEN 
;5 
~:=SERIfI. 
Itf'\lT 
; 5 
SHIFT OOTARIGHT WITHClIlRV 
; 5 
IF ClIlRV=1 llEN 
;6 
I)(DflTA:=DATA 
; 6 
IF DATAREOOvFlAG=8 T1£N 
; 7 
BYTEFINISHED FLAG=1 
;6 
ElSE 
; 7 
BYTEFINISHED flAG: =1 
; 7 
DYERRI.IiflAG: =1 
;6 
OOIF 
;5 
OOIF 
; 4 
ELSE 
SIJ«;E BYTEFINISI£l) 
FlAG=1 T1£N 
; 5 
IF SERlfI. 
1tf'\lT~ 
T1£N 
.6 
DATAREADYFlAG:=1 
; 5 
ElS£ 
sin SERIfI. 
Itf'UT=SPACE TI£N 
; 6 
ERRll/ flAG: =1 
;5 
OOIF 
;5 
RECEIVEFLAG:=8 
; 5 
svr«: FLAG:=8 


;4 
OOIF 
; 3 
EIt>IF 
; 2 
EIt>IF 
.1 EIt>IF 


The 
timer 
interrupt 
service 
routine 
always 
loads 
the 
timer with a constant 
value. In effect 
the timer is used to 
generate 
an independent 
time base of four times 
the re- 
quired 
baud rate. This time 
base is free running 
and is 
never 
modified 
by either 
the 
receive 
or transmit 
pro- 
grams, 
thus 
allowing 
both 
of 
them 
to 
use 
the 
same 
timer. 
Routines 
which 
do other 
time 
dependent 
tasks 
(such as scanning 
keyboards) 
can also be called 
periodi- 
cally at some fixed 
multiple 
of this basic 
time 
unit. 


The algorithm 
shown 
in Figure 
2 uses this 
basic 
clock 
plus a handful 
of flags 
to process 
the serial 
input 
data. 


Once 
the 
meaning 
of these 
flags 
are understood 
the 
operation 
of the algorithm 
should 
be clear. The Receire 
Flag 
is set whenever 
the program 
is in the process 
of 
receiving 
a character. 
The Synch 
Flag 
is set when 
the 
center of the start bit has been checked 
and found to be - 


a SPACE (if a MARK is detected 
at this point the receiver 
process 
has been triggered 
by a noise pulse so the pro- 


gram 
clears 
the Receire 
Flag 
and 
returns 
to the 
idle 
state). 
When 
the 
program 
detects 
synchronization 
it 
loads 
the variable 
DATA 
with 
80H and starts 
sampling 
the serial 
line every four counts. 
As the data is received 
it is right 
shifted 
into 
variable 
DATA; 
after 
eight 
bits 
have been 
received 
the 
initial 
one 
set 
into 
DATA 
will 
result 
in a carry out and the program 
knows 
that 
it has 
received 
all eight 
bits. 
At this 
point 
it will 
transfer 
all 
eight 
bits 
to 
the 
variable 
OKDATA 
and 
set 
the 
Byte 
FInished 
Flag so that on the next sample 
it will test for a 
valid 
stop 
bit instead 
of shifting 
in data. If this 
test 
is 
successful 
the Data 
Ready Flag 
will 
be set to indicate 
that the data is available 
to the main process. 
If the test 
is unsuccessful 
the Etfor 
Flag 
will 
be set. 


The transmit 
algorithm 
is shown 
in Figure 
3. It is exe- 
cuted 
immediately 
following 
the receive 
process. 
It is a 
simple 
program 
which 
divides 
the 
free 
running 
clock 
down and transmits 
a bit every fourth 
clock. The variable 
TICK COUNTER 
is used to do the division. 
The Transmit· 
tlng 
Flag 
indicates 
when a character 
transmission 
is in 
progress 
and is also used to determine 
when the START 
bit should 
be sent. The TICK COUNTER 
is used to deter- 
mine 
when to send the next bit (TICK COUNTER 
MOD- 
ULO 4 = 0) and also when the STOP bits should 
be sent 
(TICK COUNTER = 9 
4). After the transmit 
routine 
com- 
pletes 
any other 
timer 
based 
routines, 
such 
as a key- 
board/display 
scanner 
or 
a real 
time 
clock, 
can 
be 
executed. 


;1 
; 1 TIC!( CfUflER: =TIC!( CfUflER+1 
; 1 IF TIC!( CfUflER lID 4=8 llEN 
; 2 
IF TIlANSIlInIt«l 
FlAG=1 llEN 
; 3 
IF TIC!( CWlT£R=88 1918 88 BIlBY 
llEN 
;4 
T1lIIl5IlIlTIt«l 
FlAG:=ll 
; 3 
ElSE 
IF TIC!( CWlT£R=88 1891 88 BIlBY 
llEN 
; 4 
SEIt> 00 
IRlK 
; 4 
TIlANSIlIn It«l FlAG: =8 
; 3 
ELSE 
SINCE TIC!( CfUflEROTl£ 
fBJYE CllM' 
llEN 
; 4 
SEIt> NEXTBIT 
;3 
OOIF 
; 2 
ELSE 
SINCE T1lIIl5IlInIt«l 
FlAG=8 llEN 
; 3 
IF rnIlSIlIT 
RElll£Sl 
FLAG-; llEN 


; 4 
XIlTBYT:=NXTBYT 
; 4 
TRfflSIIIT RElll£Sl 
FlAG:=8 
; 4 
TRANSlHTTlt«l flAG: =1 
; 4 
TIC!( CllJNID'!: =8 
;4 
SENDsvr«: BIT (SPfa) 
;3 
EIt>IF 
;2 
OOIF 
;1 
EIt>IF 


Figure 
4 shows 
the complete 
receive 
and transmit 
pro- 
grams 
as they are implemented 
in the instruction 
set of 
the 8049. Also included 
in Fig. 4 is a short routine 
which 
was used to test the algorithm. 


1 ;********* _***'1***'1**************************"'*******·************************** 
2.* 


4 ;* 
* 


5 .•***************"'******************1*.1*****-******'**********.I***************'~*** 
6, 


7 $I NCLUfoE( F1 .UPTE5T pro 
8; 


9 ; 
STfIRT OF " EST ROUTIHE 


1~ ; 
===================== 
11, 
12 ; 
13. 
14 ; 
15 ; 


16 ; 1 ERmR coul-n· =6 
17 ; 1 REPEAT 
18 ; 2 
PATTERN=e 


19 . 2 
INlTIBLIZE 
Tll'IER 
26 ; 2 
CLEAR FLAGB'r'TE 


21 
.;2 
FLAG1 =t1APK 
22 ; 2 
REPEAT 
n; 
3 
IF TRANSI'lIT REQUESTFLAG=6 THEN 
24 ; 4 
NATBl'TE..=PATTEPN 
2~,; 4 
TRANSMn REQUESTFLAG=1 
26 .o? 
ENDIF 


27 ; 3 
IF DATA READYFLAG=1 THEN 
28; 
4 
PATTERN.=o~r'ATA 
29 ; 4 
DATA REAr,." FLAfj =6 
36; 
3 
EI/NF 


31 ; 2 
UI/TIL EPPORFLAG OR OVERRUNFLAG 
32; 
2 
INCPEMENTERRORCOUNT 
n ;1 UNTIL FOREVER 
34 
EOF 
15 tEJECT 


36 
ORG 
~ 
37; 
1 SELECT REGISTER BANK 6 
3S 
SEL 
~'B6 
~t.;1 G(ITO TEST 
40 
IMP 
TEST 
41 $ 
INCLl~lf<.F1UART! 
42 .; 
43; 


44 ; 
AS'r'IICHROOJ5 RECEIVE/TRANSMIT ROllTI lIE 
45 .; 
==================================== 
46 .• 
THIS ROUTINE RECEIVES 5£Rlf1l 
CODEUSING ~'IN TO AS RXD 
47; 
AND CONCUR~ 
•.ENl LY TRANSMITS USI NG PIN P27 
48; 
~IOTE, 


49 ; 
THIS ROUTINE USES FLAG 1 TO BUFFER THE TRANSMITTED 


inter 


0028 
0021 
0022 
0023 


5ll .: 1 DATA LINE 
THIS 
ELII'IINIHES 
THE JITTER 
THAT 


51 
,1 
wOUl.r, BE CAUSED BY I/ARIATIOIl5 
IN THE R£CEllIE 


52 
·1 
TIMING 
NO OTHER f'\o!1)}IIAH 11A'!' USE FLOO 1 !*lILE 


53 
,1 
THE TIME!? nHEl1I11JPT 
IS 
ENA6'lED 


54 , 
55. 
56, 


68, 


61 ' 
62 .: 


63 
ATEMP 
64 
FLGB'r'T 
65 


66 
67 
SAI'lCTR 


68 
TCKCTR 
69 liEGe 
78 ; 
71: 


USED TO SAllE Ar.-CIJllAT 
OR CONTENTS I)lJlING 
INTERRIJ'T 


CONTAINS 
VAl<:I00s 
FLAGS USHi 
10 
CONTROl Ih'E 
RECEIVE 


AlID TPAN5t1lT 
1'[,;01'.£55. 
SEE CONSTANT DEF INITI0N5 
FOR 


THE "lEflrHNG OF Efff'...HBIT 


SAMPLE COUNTER FOR THE RECIEVE 
f'F~OCES~ 
SAMPLE WJNTEP 
FOR THE TRANSMIT PROU:5S 


USEr, F!~ POINTEfi 
IIt-GISTER 


73, 


74 MOt'DAT 
[(II) 


75 i'ID/fTA 
EQU 
76 I'IXMTBY ml) 


77 
MNXTBY ml) 


78 
$E.JECT 


PECEIVE 
RETURNS VAlID 
DF:TA IN THIS 
B'flE 


RECEIIII:. ACCliMUlATES 
DATA IN THIS 
BYTE 


CONTAI NS BnE 
8EI NG TRAN5l'II1TED 
CONTAIN: 
THE NEXT S'rTE 
TO BE TRANSMITTED 


Be; 


81 
. 
CONSTANTS 
82: 
83 ; 


84 
; 
THE FOlLOWING 
CONSTANTS ARE I)SED TO ACCESS THE FLAG BITS 
CONTf1INED 


8'5 ; 
IN REGISTER 
FLGBYT 


37 
IICVFLG 


813 


89 
SYNFLG 
90 
91 Bwpn 
92 
93 DRDWL 
94 


95 
ERRFLG 
96 


97 
TRIIQFL 


98 
99 
=100 
= 181 
TRNGFL 


= 182 
= 183 
OVRlIN 
= 104 


EQlJ 
81H 
SH 
WHEN STAn 
BIl 
IS 
FI~T 
CHEtTf.D 


RESET WHEN R£CEI','E 
PROCESS 
IS 
COIt'LETE 
EI1U 
82H 
SET WHEN STAl<T BIT 
IS 
VERIFIED 


RESET IHN 
RECEI ~'E PROCESS 
I S COMPLETE 
EQlJ 
114H 
RESET WHEN STA."T J;IT 
IS 
FIIIST 
DETECTED 
SET IoIHENTHE EIGHT 
LiATA SITS 
HAVE ALL BEEN RECEIllEli 


WI) 
08H 
SHOlJlD BE IIEsET 
BY I'1AIN PROGRAM WHEN DATA IS 
A(;t;EPTED 


SET S'r 
RECEIVE 
PROCESS WHEN STOP Bl1(S) 
ARE IlERIFIED 
EQlJ 
lllH 
SHOULD BE RESET BY MAIN PROORAM WHEN SflI1PLEli 
SET BY RECEI','E 
PROCESS 
IF 
A ~RAMING ERROR IS 
DETECTED 
Et;!lJ 
2llH 
TESffi' 
E'~' I1t<IN PROGRAM TO DETERI'IItlE 
I~ 
RUli~' 
"10 


TRANSMIT A ''''101 
BYTE-SET 
TO It.tIlCATE 
·,HAT NXTBYT 
HAS BEEN LOADEv 


; 
IIESET 
B~' TRA'lSMIT PROCESS loIIEN BYTE IS 
AClt.PTED 
E(:!ll 
48H 
, 
SET WHEN TRANS'"I 5S ION OF A BYTE STARTS 


, 
RESET WHEN STOP BIT 
15 TRANSI'IllTED 
EQlI 
8llH 
SET B'r' RECEIIIE 
PROCESS WHEN Ol/ERUN OCCURRS 
SHOt.!Lv BE IIESET B'r' /'lAIN F'ROGRIl1 WHtN SIlI'IPl.W 


0080 
FF7F 
eeoo 


0007 16llfl 
0099 93 


OOeA D5 


ooec 2?FE 
eooE 62 


I.lOOF7615 


0011 9A7F 
0013 0417 
0015 8A80 


0017 FE 
0018 1224 


oolC 
FE 


OOW 
4301 


0021 A£ 
8022 0464 


= 105 ; 
= 186 ; 
= 107 ; 
= 188 ; 


= 109 MARK 
E9U 
= 11!.! SPACE 
EglJ 


= 111 STPBT5 
EQlJ 


= 112 
=lB 
= 114 ; 


= 115 $EJECT 


= 116 ; 
= 111 .; 
= 118 ; 
= 119 ; 
= 120 
= 121 
= 122 ; 1 ENTER INTERRUPTI'IOOE 
= In TI 5R 
JTF 
UART 
= 124 
RETR 
= 125 IJART. 
SEL 
RB1 
= 126 ; 1 SAIr'EACCltIIJLATORcomENTS 
= 127 
PlOV 
ATEMP.,A 
= 128; 
1 RELOADTIMER 
= 129 
MOV 
A, • TI I1CNl 
=130 
MOV 
LA 
= 131 ; 


OOH 
NOT 80H ; 
a 


USEr- TO GENEFATEDA MARK 
USED TO GENERATEA SPACE 
mlTROl.S 
THE NIJ'IBEROF SI UP BITS 


o GENERATtSONE STOP BIT 
1 GENERATESTWOS1UP BITS 


= 133 ; 
= 134 ; 
= 135 
JFl 
= 136 OSPACE· ANL 


= 137 
J1'IP 
= 138 
O~1flRI( 
ORL 


OI'!ARK 
P2, .SPACE 


RCVooe 
P2, 'MARK 


= 148 ; 
START OF RECEIVE ROUTINE 
= 141 ; 
======================== 
= 142; 


= 143; 
1 IF RECEI't'E FLAG=0 THEN 
= 144 ~:CV000 
1'I()\o' 
A, FLGB'r'T 


= 145 
JOO 
RCVIl1a 
= 146 ; 2 
IF SERIAL INPUT=SPAr.f THEN 
= 147 
JTO 
XMIT 
= 143 ; 3 
f<:ECEl'~EFLAG =1 
= 149 
M(lV 
A. FLGBI'T 


= 150 
ORL 
A 'RC~'FLG 
= 151' 
3 
BVTE FINISHED FLAG.=0 
= 152 
AIlL 
A, .t~T 
B~'FNFL 
= 153 ,2 
ENDIF 
= 154 
MOl' 
FLGBI'T, A 


= 155 
JI'!P 
XMIT 
= 156' 
1 ELSE 
SINCE RECEIVE FLAG=l THEN 
= 157 ; 2 
IF S'{NC FLAG=0 THEN 


= 158 RCV~1O. JBl 
RCV038 
= 15:'1 ; ~( 
IF SERIAL INPIJT=SPACElHEN 


• 


inter 


00213 4302 


002A HE 


002B B821 
002() B08e 


002F BD04 
0031 0464 


0035 AE 
0036 
1.1464 


003(: 52~,9 
003E 97 


oo3F 2642 
0041 A7 
0042 B821 


9>344 Fe 


0045 67 
0046 AO 


0049 B820 
804B A0 


004C FE 
004D "1254 


004F 4304 
0051 AE 
0052 13464 


0054 
43::14 
0056 AE 


= 160 


= 161 .:4 


= 162 


= 163 
= 164 ·4 
= 165 
=166 


= 167 : 4 
= 168 


= 169 
= 170 
:( 


= 171: 4 


= 172 I1CV020 


= 173 ,:; 


= 174 


= 175 


= 176 
.:2 


= 178 RCVfnO 
= 179 .,3 


= 1130 ; 4 


= 181 
= 182 .:4 


= 183 
= 184 


= 185' 5 
= 186 
= 187 


= 1138 flCV04a 


= 189 
= 190 : 5 


= 191 


=192 
= 193 .:5 
= 194 


= 195 ; 6 
=196 


= 191' 
= 198: 6 


= 199 


= 200 
=201,7 
= 202 
= 203 
= 204 


= 205 ; 6 
=206 
;l 


= 297 ;7 


= 200 
RCV045 


= 209:!'tOV 


= 2Hl 
ORL 
= 211 
1'1(1',' 


= 212 .:6 


= 213 .;~I 


HO 
RC'f'e20 


S~'OC FLAG =1 
Il't 
A. IWNFLG 


1'10'/ 
FLGBYT, A 


DATA:=80H 


MOV 
RO, tl'lDATA 


!'tOV 
@RO, 13ltH 


SAMPLE CNTR· =4 


I10V 
SllI'lCTR. 14 


JMP 
XI1IT 


ELSE 
SINCE 
SERIHL 
INF'IJT=MARV THEN 


kfCEIVE 
FUlG. =0 


A, .NOT 
RCVFLG 
ANt. 


[N[)IF 


HIJ\.' 
FLG£:~'L A 


JMf' 
XMIT 


ELSE 
SINlE 
S'r'NC ~LAG=l 
THEN 


SAMPLE ClJUNTEfI· =SflI1l''LE 
COUNTER-l 


DJNZ 
SAMCTR, ~1'IlT 


IF 
SRI1f'LE COUNTER=0 
THEN 


SAMPLE COLmER: 
=4 
SAMCTI/,14 


IF 
B'.'TE F!lH SHEIl FLAG=e 
THEN 


JB2 
RCV050 
CLR 
(: 


CARR',' =SEI1 I ftL 
INf'lJl 


RCl/ll4fl 


C 


JNTO 


CPL 


1'101/ 


I'(JV 


RO.IMDATA 


A,~RO 


SHIFT 
DfiTA IIlli:H 
WI1H CAR~:'" 


A 
~l1iJ.A 


I F CARR~'=l 
THEN 


>:MIT 


OI<TJATA:=1!ATn 


flO.lHOKDAT 


@RO,A 


IF 
[JATA ~AD'" 
FLAG=fl 
THEIl 


A. RGBYT 
11(:',1045 


B~'TE FINISHED 
FLAG=l 
A,IBYFNFL 


FLGB~'L A 


XMIT 


ELSE 


BYTE FINISHED 
FLf1G=l 


OVERRUN FLAG: =1 


A, FLGB~'T 


A.. 1 (BVENEL 
OR OVRUW 


FLGBYl, 
A 


ENDIF 
EN[JlF 


XMIT 


inter 


00".1l 4 30B 
8e5{l 0461 


0061 5?fC 
0063 HE 


0065 2383 
0067 SC 
0068 9697 


006fl FE 
ij06B 37 
006C D286 


006E 2324 
(t8le 
fiC 
0071 96f'B 


BBn 
AS 
0074 85 


: 
215; 
4 
EL~.E 
SIrt.::E BYTE FINISHED FLOO:l THEN 


: 
216 ; 5 
IF SERIAL INPUT:MARKTHEN 
: 
217 RCY95B JNTll 
RC't'0EJ3 
: 
218; 
6 
(lATR RERrN FLA6: =1 


: 
219 
O/Il 
fl, 'DRD\'FL 
: 
228 
J:'IP 
~'C'v'll70 
= 221 ; 5 
ELSE 
SINeE SERI AI.. I NPliT=SPflCE THEN 


: 
222 ,6 
~RRORFLAG.=1 
: 
22] 
RCIIll60: ORL 
R.• EIIRFLG 


: 
224 ; 5 
ENDIF 
: 
225. 
'5 
RECEI','!: rLAG =9 


= 226 ; 5 
5\'NC FLAG:=B 
: 
227 RC'~e70. ANI. 
R. lNOT<SYNFLGOR RCI/FLGl 
: 
228 
1'1011 
FLGB'fT,A 


: 
229 
; 4 
ENDIF 
: n0 
;3 
HIDIF 
: 
231 ; 2 
EllDIF 


= 232 ; 1 ENDIF 
: 
213 rEJECT 
= 234; 
: 
235 ; 
STAIIT OF TRANSMITROUTINE 
= 236 ; 
:=::=:::===:===:======::: 
: 
237 ; 
: 238; 1 
= 239; 
TRRNSl'IITTEROUTPIJTBIT 
IS 1"2-7 


= 249 ; 1 TICK COUNTER.=TICK COllNTERt1 
: 
241 X/'lIT 
INe 
TCKCTR 
= 242; 
1 IF TICI< WUNTER "lOD 4=9 THEN 
: 
243 
"1011 
A..103H 
= 244 
flNL 
R. TCKCTR 
= 245 
JNZ 
RETUIIN 
: 
246 ; 2 
IF TRnNSMITTING FLAG:l 
TflEN 
= 247 
MOV 
R. FLGB\'T 
= 248 
CPL 
A 
= 249 
JB6 
XPIT04e 
: 
250 
IF STPBTSEQ 1 
= 251 ; 3 
IF TICK C(lI~TER=OO1010 00 BINRRV THEN 
= 252 
MOil 
A•• 28H 
• CONDIT! ONAI..RS5EI1BlII 
= 253 
XRL 
A. TCI<CTI< 
= 254 
JNZ 
XMT019 
: 
255 ; 4 
TRRNSMJTTI NG FLOO =0 
= 2S6 
1'10\' 
R.FLGBYT 
= 257 
All.. 
R. lNOT TRNGFL 


: 258 
1'10'v' 
FLGB\'T.R 
= 259 
JMP 
RETl.JIN 
= 260 
ENDIF 


: 
261 .3 
ELSE 
IF TICK CWNTER=OO1001 00 BINARY THEN 
= 262 "MT010: 
1'IO'v' 
A•• 24H 
= 263 
XRL 
R, TCKCTR 
: 264 
mz 
;~MT029 
: 
265; 
4 
SENDEND MARK 
: 266 
CLR 
Fl; 
SET FLAG1 TO MARK 
= 267 
CPL 
F1 
= 268 
IF STPBTS EQ 8 
= 269 ; 4 
TRANSMITTINGFLRG =0 


• 


9875 
FE 
0076 53/lF 
9878 f£ 
9879 
9497 


0078 
8822 
9870 
F9 


997E 67 
007F A9 


9839 A'5 


0081 
E697 
9981 
B5 
9984 
9497 


00813 8821 


OOSA Fa 
eeaa 
8822 
008D All 


9!l8E FE 
008F 53DF 


9991 
4149 
9893 f£ 


0097 
FF 


0098 
93 


9100 
mE 
991E 
00lD 
00lC 


= 279 
P()Y 
= 271 
fII. 


= 272 
P()Y 
= 2n 
JII' 
= 274 
E~IF 


= 275; 
3 
ELSE 
sila 
TICK CWfTEROTHE 
flIl(M 
C()lJIIT HEN 
= 276 ; 4 
SEll) /£XT BIT 
= 277 00929: 
P()Y 
119,IIWHB'T' 
= 278 
P()Y 
A, ~9 


= 279 
"'RC 
A 
= 28l.! 
I'lOV 
@R9,A 


= 281 
CUI 
F1 
= 282 
m:; 
RETl~ 
= 283 
CFt 
F1 
= 284 
JPf' 
RETURN 
=285;3 
E~IF 
= 286 ,2 
ELSE 
siln 
lTIflNSI1InIOO 
H.ffi=9 
THEN 


= 287 ; 3 
IF TRAll5ttIT IlEIllST 
Flffi=l 
HEN 


= 288 XI1T949· JB5 
RETI~ 
; FLffi eYTE 1HERE 


= 289 
; 4 
Xl1TBYT:=N.'<TBYT 
= 299 
~ 
Plj, II1NXTBY 
= 291 
I'lOV 
A, @RO 


= 292 
I'IOY 
Re..II1Xl1T1lY 
= 293 
MOII~, 
A 
= 294 .;4 
TRAII5I11TREIllST 
Flffi· =9 
= 295 
I'IOY 
A. ~LfiBYT 
= 296 
fII. 
A, III)T 
TRRQFl 
= 297; 
4 
TNlNSPfITTIIlG FlAli =1 
= ~'9B 
OR!. 
A, ITRlm 
= 299 
I'(lY 
FLfiBYT,A 
= 300 ; 4 
TJC~ COIJfTER·=9 
= Je1 
1',1)',' 
TC.KCTR,10 


= 382 ; 4 
SEND S\~ 
BIT (SPflCD 
= Je? 
ClR 
F1; 
SET Flffi 
1 TO CAUSE A SPACI: 
= Je4 
; 3 
ENOIF 
=305;2 
E~IF 


= J96 
,1 
E~IF 


= 397 RETlJRN: 
= ?03 .;1 RESTORE fl'-Cl..tlJLATOR 
= ::e9 
I'(lY 
A, ATEI'If-' 


= 319 
RETR 
311 $EJECT 


?12 
; 


313 
; 
314 ; 
115 
; 
316 
ORG 
317 WICNT 
EQU 
313 NFLGB\' 
EQU 
319 t1SAllCT EQU 
329 I1TCKCT EQU 


321 .' 
322 ERRCNT EQU 
323 PATT 
EQIJ 


A, FLGBYT 
A, IIIJT 
TRI6'l 
FlfiBYT, A 
IlETIJIN 


Flft(j 
1 WILL BE USED TO Blf"FER TXl> 


; 
GO TO RET'-~N POUlt 
IF TXD=SPACE(9) 


; 
ELSE Cll'II'LEI1ErlT FLOO 1 TO A I1ARl( 


9100H 
-2 


1EH 
1DH 


1CH 


inter 


8194 
23FE 
81lJ6 62 


8187 
55 
8188 
25 


8189 
B81E 
8188 
B888 


e180 
A5 
81eE B5 


8181' B81E 
8111 
F8 
8112 
8224 


8114 
8923 
8116 
FE 
8117 
A1 


e119 
F8 
8UA 
4328 
8ile 
A8 
e11D 25 
811E 1622 
fJl20 
2424 
8122 
148A 


8124 
F8 
8125 
37 
8126 
7238 


0128 
8928 
812A F1 
812B AE 


327 .:1 ERROl Cllm: 
=8 
328 TEST: 
P«lY 
ERRCN1Ae 
329 ; 1 REPEAT 
339 TlIJ'. 
331 ; 2 
PATTERN:=8 
332 
I()I,' 
PAn, 
I9IJ 


333 ; 2 
INITIlLlZE 
TII£R 
334 
IU~ 
fl, ITIIPT 
335 
P«lY 
T, A 


336 
STRT 
T 
337 
EN 
TeNTI 
338: 
2 
ClEAR FLAG8VTE 
339 
P«lY 
118,tlflGllV 
348 
P«lY 
@R8,t8 
341 .:2 
FLAG1=1'fARI( 
342 
ClR 
F1 
343 
CPt. 
F1 
344 ; 2 
REPEAT 
34'5 TIUJ': 
346 ;3 
347 
348 
349 
358 ; 4 
351 
352 
353 
354 ;4 
355 
356 
357 
358 
359 
368 
361 
362 
363 
364 TESTA: 
365; 3 
366 ;3 


367 TREC: 
368 
369 
378 
371 ;4 
372 
373 
374 
375 ;4 


376 
377 
378 
3i'9 


32S ; 
J26 i 


IF TRANSPllT REfHST 
FU •••.-e 
TIEN 
P«lY 
Re, IIFLGIlV 
II(N 
fl,@R8 


185 
TREC 
NXTBVTE:=PATTERN 


P«lY 
Ri ..tIlNXTBY 
P«lY 
A, PAn 
P«lY 
@Ri, A 


TRftN9llT 
REfHST 
FLOO=l 
DIS 
TOm; 
LOCK OOT TIPER INlIRRtl'T 


; 
50 HIH IlJTIJlL EXClUSUII 
IS IftINTftI~O 
IfHLE 


; 
H£ 
FLAG B'l'TE IS BEl ••• IO>IFIED 
P«lY 
m. 


IlfJV 


EN 
JTF 
Jtf' 
CALL 
ENDIF 
IF DATAREroY FLAG=1 TI£H 


A,@R8 
A,t~ 
@R{!,A 


TCNTI 
TES1A 
TREC 
lJRT 


l'lOy 
A,@R8 
CPt. 
A 


JB3 
TRECE 
PAnERN: =OKDATA 
HO\I 
R1, I/tOI(DAT 
I'lOY 
A,@R1 
Il()',' 
PAH.A 


DATAREfC>YFLAG:=fJ 
DI5 
TCNTI; 
LOCK OOT TII'lEf< INTERIa.I'T 


50 THAT 1lJTtR. 
EXCLUSI()f IS IftINTIfflEO 
IfHLE 
; 
H£ 
FLAG BYTE IS BEllli 
1m1FIED 


inter 


912£ 53F7 
0130 A9 
81312S 


8B2 
1636 
0134 2438 


8136148A 


9138 F8 
8139 5~'9l.l 


8138 C60F 


A.•• NOT DRD\'FL 
~0,A 


TCNTI 
TESTB 


TRECE 
IJART 
; 
Cfl.L 
IJART IF TIi'lER OVERFLOWEDDlJRING LOCKOUT 


389 
All 
381 
1'(1',' 


382 
EN 
j83 
JTF 
384 
JIf' 
385 TESTS. 
CA.LL 


386 TRECE. 
387 ; 3 
EN>IF 
388 .•2 
UNTIL ERRORFLAG OR OVERRIJNFLAG 
389 
Pl{)'y' 
A,@R0 


398 
ANI.. 
A. '(O','RI.IN OR ERRFLG) 


391 
J2 
llLOP 
392 ; 2 
I NCREI'lENTERRORC()JNT 


393 
INC 
E~CNT 


394; 
1 IJIHIL 
FOREYER 


395 
J1'!P 
TLOP 


396 
; EOF 


397 
END 


IJSER SYIlBOLS 


ATE1'IP 0007 
B','FNFL 8ge4 
DRD\'FL 8008 
ERRCNT0087 
E~'RFLG0810 
FLGB\'T 9006 
MARK 
0980 
IIDfITA 
0021 


I1FLGB','OO1E 
MNXTBV8823 
PO:DAT 0029 
MSAI1CT0010 
MTCKCT881C 
MXI'lTB\' 0022 
Ol1ARK 0015 
OSPACE0011 


OYRIm 
0080" 
PAll 
9006 
RCYOO88017 
I<CV018 00'24 
RC','029 0033 
RC','810 0038 
RC','040 8942 
I<:C\l845 0054 


RC','llS0 0059 
RC\1860 005F 
RC\l878 0061 
RC\lFLG 0081 
REG0סס oo 
RETIRj 
009i' 
SAl'lCTI<00il5 
SPACE FF7F 


STPBTSסס oo 
SVNFLG 0082 
TCKCTRilOO4 
TEST 
8130 
TESTA 
8122 
1ESTS 
.,,136 
llLOP 
01flf 
IIMCNT mE 


TISR 
0007 
TLOP 
9182 
TREC 
8124 
TRECE 8E8 
TRNGFL8848 
T.:RQFL 0020 
IJA.RT 
000ft 
X"rt 
0064 


XI1T910 006E 
XI1T829 0078 
XI1T848 0086 


Most 
microcomputer 
programmers 
have at one time 
or 
another 
implemented 
a multiply 
routine 
as part 
of a 
larger program. 
The usual 
procedure 
is to find an algo- 
rithm 
that works 
and modify 
it to work on the machine 
being used. There is nothing 
wrong 
with this approach. 


If engineers 
felt 
that 
they 
had to 
reinvent 
the 
wheel 
every time 
a new design 
is undertaken, 
that's 
probably 
what 
most of us would 
be doing-designing 
wheels. 
If 
the efficiency 
of the multiply 
algorithm, 
either 
in terms 


of code size or execution 
time 
is important, 
however, 
it 
is necessary 
to be reasonably 
familiar 
with the multipli- 


cation 
process 
so that appropriate 
optimizations 
for the 
machine 
being 
used can be made. 


To understand 
how multiplication 
operates 
in the binary 
number 
system, 
consider 
the multiplication 
of two four 
bit operands 
A and B. The "ones 
and zeros" 
in A and B 
represent 
the 
coefficients 
of 
two 
polynomials. 
The 
operation 
A x B can 
be represented 
as the 
following 
mUltiplication 
of polynomials: 


+ 
BOA3·23 
+ 
BOA2·22 
+ 
BOA1·2' 
+ 
B1A3·24 
+ 
B1A2·23 
+ 
B1A1·22 
+ 
B1AO·2' 
+ 
B2A3·25 
+ 
B2A2·24 
+ 
B2A1·23 
+ 
B2AO·22 


B3A2·25 
+ 
B3A1·24 
+ 
B3AO·23 


The sum of all these terms 
represents 
the product 
of A 
and 
B. The 
simplest 
multiply 
algorithm 
factors 
the 
above terms 
as follows: 


Since the coefficients 
of B (i.e., BO, B1, B2, and B3) can 
only take on the binary values of 1 or 0, the sum of the 
products 
can be formed 
by a series of simple 
adds and 
multiplications 
by two. The simplest 
implementation 
of 
this would 
be: 


MULTIPLY: 


PRODUCT = 0 
IF BO= 1 THEN PRODUCT: = I;'RODUCT + A 
IF B1 = 1 THEN PRODUCT: = PRODUCT + 2' A 
IF B2 = 1 THEN PRODUCT: = PRODUCT + 4' A 
IF B3 = 1 THEN PRODUCT: = PRODUCT + 8' A 
END MULTIPLY 


In order 
to conserve 
memory, 
the above straight 
line 
code is normally 
converted 
to the following 
loop: 


MULTIPLY: 


PRODUCT:=O 
COUNT:=4 
REPEAT 
IF B[O)= 1 THEN 
PRODUCT: = PRODUCT + A ENDIF 
A:=2'A 
B:= B/2 
COUNT: = COUNT - 1 
UNTIL COUNT: = 0 
END MULTIPLY 


The repeated 
multiplication 
of A by two (which 
can be 
performed 
by a simple 
left shift) 
forms 
the terms 
2' A, 


4' A, and 8' A. The variable 
B is divided 
by two 
(per· 
formed 
by a simple 
right 
shift) 
so that the least signifi- 
cant 
bit can always 
be used to determine 
whether 
the 
addition 
should 
be executed 
during 
each pass through 
the 
loop. 
It is from 
these 
shifting 
and addition 
opera- 


tions 
that the "shift 
and add" algorithm 
takes 
its com- 


mon name. 


The 
"shift 
and add" 
algorithm 
shown 
above 
has two 
areas where efficiency 
will be lost if implemented 
in the 
manner shown. 
The first 
problem 
is that the addition 
to 
the 
partial 
product 
is double 
precision 
relative 
to the 
two operands. 
The other 
problem, 
which 
is also related 
to double 
precision 
operations, 
is that the A operand 
is 
double 
precision 
and that 
it must 
be left 
shifted 
and 
then the B operand 
must 
be right 
shifted. 
An examina- 


tion 
of the 
"longhand" 
polynomial 
multir 
ication 
will 
reveal that, although 
the partial 
product 
is .ndeed dou- 
ble precision, 
each 
addition 
performed 
is only 
single 
precision. 
It would 
be desirable 
to be able to shift 
the 
partial 
product 
as it is formed 
so that only single 
preci- 


sion additions 
are performed. 
This would 
be especially 
true if the partial 
product 
could 
be shifted 
into the "B" 


operand 
since 
one bit of the partial 
product 
is formed 
duri;'lg each pass through 
the loop and (happily) 
one bit 


of the "B" 
operand 
is vacated. 
To do this, however, 
it is 
necessary 
to modify 
the algorithm 
so that 
both of the 
shifts 
that occur are of the same type. 


To see how this can be done one can take the basic 
multiplication 
equation 
already 
presented: 


A' B = 24[BO'(A '2-4) 
+ B1'(A '2-3) 


+ B2'(A '2- 
2)+ B3'(A '2- '») 


This 
operation 
has 
resulted 
in 
a 
term 
(within 
the 
brackets) 
which 
can be formed 
by right shifts 
and adds 
and 
then 
mUltiplied 
by ~ 
to get the 
final 
result. 
The 
resulting 
algorithm, 
expanded 
to form an eight 
by eight 


multiplication, 
is shown 
in figure 
5. Note that although 


the result 
is a full 
sixteen 
bits, the algorithm 
only 
per- 


forms 
eight 
bit additions 
and that only a single 
sixteen 


bit 
shift 
operation 
is involved. 
This 
has the effect 
of 


reducing 
both 
the code 
space 
and the execution 
time 


for the routine. 


1 $I1ACROFILE 
2 $ INCLUDE(: F1. HP't'8. HEr,) 


3 ;*************************************~********************_***********_** 
4 .;* 
* 


5 
. * 
I1P'r'8X8 
* 
6 .;* 
* 
7 ; *=======================================--========================* 
8,* 
9 ;* 
19;* 
11 .;* 
12 ;* 
13 ;* 


THIS 
UTILIW 
PROVIDES ffj 8 BY a lJISIGHED 
IU.TIPLV 


AT ENTR'r' 
A = LOWER EIGHT 
BITS 
OF DES1INATI()l 
OPERAII) 
XA= I)()l'T 
CARE 


R1= POINTER 
TO SOORCE OPERANll (IU.TIPLIERl 
IN IN1ERNAl 
P1EI'IEORI' 


Figure 
5 


B006 2A 
8007 97 
8008 67 


OOB'j 2A 
000ft 67 
000B EBM 
0000 83 


14 ;* 
1~ ;* 
AT EXIT. 
• 
16,. 
A = LMF 
ElGIn 
BITS ~ 
RESllT 
• 
17; * 
XA= UPPER EIGHT BITS ~ 
RESULT 
* 
18 ; * 
C = SET IF MRFUloI 
ELSE CLEARED 
* 
19.;* 
* 


29 ; *******.******************~;*********~*********************.•******************* 
21 ; 
22 ; 
23 $INCLUDE<:FUlPY8 
P()l) 
24 ; 1 I1PY8X3. 
£'5 ..1 r;t.lTiFlICANO!15-8 
J=0 


26 ..1 COliNT.=8 
.7 ,1 
REPEAT 
2:3 ..2 
IF M 
TlPLICA/ll)[ e J=0 THaI BEGIN 
zs 
,3 
MULTIPLICAND =l1lIl1IPLICAliV2 


SO.2 
EL:x 
]1;! 
MULTlPLICfiflCH5-Sl=I'1lJLTIPLICAI{J[ 
15-:3J+PlJl. TlPLIER 
"!2 .,? 
MlJLTI PL IG~Nr :=l1tU IPLI CAN[J/2 
?J .:2 
ENflIF 


34 : 2 
'))/JJn 
=COlJtlT-1 


35 
1 U'll I L CoutJT=0 


7:; 
1 EN[' t1P'-'3~<S 


4~ , 
41 XA 
42 COUNT 
43 Ion 
44 .: 
45 DIGPR 
EiJIJ 
46 : 
47 $EJECT 
48 $INCLll[lECF1:HPYB) 
49 .:1 MP,'8X8 
50 MF'l'81:S. 
51 ..1 I1UlTIPLICfH){ 
15-8 J: =9 


52 
PfOV 
XA..• ee 
53 
,1 
COUNT:=S 


55 ..1 REPEAT 


56 I1PYSLP 
57 ; 2 
IF I1l.t TIPL I CANDUIJ=9 THEN BEGIN 
58 
JB0 
Plf'1'Sfl 
59 ..3 
PllJL11PLl CANV =1'IlJLT1PLICA/{l/2 
69 
ill::H 
A..XA 


61 
CL~: 
C 


62 
RRC 
A 


63 
XCii 
A, XA 
64 
RRC 
A 
65 
DINZ 
COlJNT·MPl'8LP 


66 
PET 
67; 2 
ELSE 


68 !'IP','8A 
69 
. 3 
MI.lTI F1.ICRN)[ 15-8)- 
=lJJl. TI PLI CAOO£15-8 }+1tJl TIPl IER 


78 
XCH 
A, XR 
71 
fllI) 
A,l!F1 


i'2 
m 
A 
73 
XCI! 
A, XR 


74 
we 
A 


~ 
V JNZ 
WJ/T, tlP'r'8I.~. 


76 
RET 


77 ; 3 
MOLTI PL I CANl) :~'llJlTI PLI CAND/2 
78 ; 2 
ENDIF 
79 ; 2 
WJNT .=Cf)JNT-1 


80 ..1 UNTIL 
COliNT=8 
~'1 ; 1 EN!) I1PV3:~3 
8~ E,{; 


800E 2A 
008F 61 
OOHl67 
9811 2fl 
0012 67 
001] 
EB84 
0015 83 


lISER S','MB0l5 


COIJNT 
0fJ03 
DIGPP 
ow:. 


The algorithm 
is easy to understand. 
The first 
test asks 
if the division 
will fit into the dividend 
sixteen 
times. 
If it 
will, 
the quotient 
cannot 
be expressed 
in only four 
bits 
so an overflow 
error flag is set and the divide 
algorithm 
ends. The algorithm 
then proceeds 
to determine 
if eight 
times 
the divisor 
fits, 
four times, 
etc. After 
each test 
it 
either 
sets 
or clears 
the 
appropriate 
quotient 
bit 
and 
modifies 
the dividend. 
To see this 
algorithm 
in action, 


consider 
the division 
of 15 by 5: 


In order 
to understand 
binary 
division 
a four bit opera· 
tion 
will 
again 
be used 
as an example. 
The following 
algorithm 
will 
perform 
a four by four division: 


DIVIDE: 
IF 16'DIVISOR>= 
DIVIDEND 
THEN 
SET OVERFLOW 
ERROR FLAG 
ELSE 
IF a'DIVISOR> 
= DIVIDEND 
THEN 
QUOTIENT[3]:= 
1 
DIVIDEND: 
= DIVIDEND 
- a'DIVISOR 
ELSE 
QUOTI ENT[3]: = 0 
ENDIF 
IF 4'DIVISOR>= 
DIVIDEND 
THEN 
QUOTIENT[2): 
= 1 
DIVIDEND: 
= DIVIDEND 
- 4' DIVISOR 
ELSE 
QUOTIENT[2]: 
= 0 
ENDIF 
IF 2'DIVISOR>= 
DIVIDEND 
THEN 
QUOTIENT[1): 
= 1 
DIVIDEND: 
= DIVIDEND 
- 2' DIVISOR 
ELSE 
QUOTIENT[1]: 
= 0 
ENDIF 
IF 1'DIVISOR>= 
DIVIDEND 
THEN 
QUOTIENT[O]: = 1 
DIVIDEND: 
= DIVIDEND 
- l' DIVISOR 
ELSE 
QUOTI ENT[O]: = 0 
ENDIF 
ENDIF 
END DIVIDE 


00001111 
(15) 
- 01010000 
(16'5) 


Doesn't 
fit-no 
overflow 


00001111 
- 00101000 


00001111 
- 00010100 


00001111 
-00001010 


00000101 


00000101 
- 00000101 


00000000 


(15) 
(a'5) 


Doesn't 
fit-Q[3) 
= 0 


'(15) 
(4'5) 


Doesn't 
fit-Q[2] 
= 0 


(15) 
(2'5) 


Fits-Q[1] 
= 1 


(15-2'5) 
(1'5) 


Fits-Q[O] 
= 1 


The result 
is Q = 0011 which 
is the binary 
equivalent 
of 
3-the 
correct 
answer. 
Clearly 
this 
algorithm 
can (and 
has been) converted 
to a loop and used to perform 
divi- 
sions. 
An examination 
of the 
procedure, 
however, 
will 
show that it has the same problems 
as the original 
mul· 


tiply 
algorithm. 


inter 


The first 
problem 
is that double 
precision 
operations 
are 
involved 
with 
both 
the comparison 
of the division 
with 
the 
dividend 
and 
the 
conditional 
subtraction. 
The 
second 
problem 
is that as the quotient 
bits are derived 
they 
must 
be shifted 
into a register. 
In order to reduce 
the register 
requirements, 
it would 
be desirable 
to shift 
them 
into 
the 
divisor 
register 
as they 
are 
generated 
since 
the 
divisor 
register 
gets 
shifted 
anyway. 
Unfor- 


tunately 
the quotient 
bits 
are derived 
most 
significant 
bits 
first 
so doing 
this 
will 
form 
a mirror 
image 
of the 
quotient-not 
very useful. 


Both of these problems 
can be solved 
by observing 
that 
the algorithm 
presented 
for divide 
will 
still 
work if both 
sides 
of all the "equations" 
involving 
the dividend 
are 
divided 
by sixteen. 
The looping 
algorithm 
then 
would 
proceed 
as follows: 


DIVIDE: 


QUOTIENT: 
= 0 
COUNT:=4 
DIVIDEND: 
= DIVIDEND/16 
IF DIVISOR> 
= DIVIDEND 
THEN 
OVERFLOW 
FLAG: = 1 
ELSE 
REPEAT 
DIVIDEND: 
= DIVIDEND'2 
QUOTIENT: 
= QUOTIENT*2 
IF DIVISOR> = DIVIDEND 
THEN 
QUOTIENT: = QUOTIENT + 1I*SET QUOTIENT[Oj'/ 
DIVIDEND: 
= DIVIDEND - DIVISOR 
ENDIF 
COUNT: = COUNT - 1 
UNTIL COUNT = 0 
ENDIF 
END DIVIDE 


When 
this 
algorithm 
is 
implemented 
on 
a computer 
which 
does 
not have a direct 
compare 
instruction 
the 
comparison 
is done by subtraction 
and the inner loop of 
the algorithm 
is modified 
as follows: 


REPEAT 
DIVIDEND: 
= DIVIDEND'2 
QUOTIENT: 
= QUOTIENT'2 
DIVIDEND: 
= DIVIDEND 
- DIVISOR 
IF BORROW=O 
THEN 
QUOTIENT: 
= QUOTIENT + 1 
ELSE 
DIVIDEND: 
= DIVIDEND + DIVISOR 
ENDIF 
COUNT: = COUNT - 1 
UNTIL COUNT = 0 


An implementation 
of this 
algorithm 
using 
the 8049 in- 


struction 
set is shown 
in figure 
6. This routine 
does an 
unsigned 
divide 
of a 16 bit quantity 
by an eight 
bit quan- 


tity. Since the multiply 
algorithm 
of figure 
5 generates 
a 
16 bit 
result 
from 
the 
multiplication 
of 
two 
eight 
bit 


operands, 
these 
two 
routines 
complement 
each other 


and can be used as part of more complex 
computations. 


1 $I1ACI"OFILE 
;' $INClIJfH 
:F1·Dl','16. 
tiED) 


., ,l"'~ *"'***"'*"'l*"''''*''''''*'''***'''*'''*'''*'''****'''****'''*''''''****''''''*''''''*'''*'''*'''"'*"''''*,*******''''''''''''*''''''''' 
4 ; '" 
'" 
'5 ;'" 
DI','16 
* 
6 
;:t: 
* 


7 .;*==========================================================================* 
8 ;* 
'" 
9 .•'" 
THIS 
UTlLIrr' 
Pf:OVIDES 
AN 16 
B'r' 8 UNSIGNED DI','!D~ 
'" 


18 
; '" 
AT ElITll'r': 
'" 
11 
.•'" 
A = LOWER EIGHT BllS 
OF DESTINATION 
OPERANl) 
'" 


12 
; '" 
XA= lJ'PER 
EI GHT BITS 
OF 
[) I 'y'!DEND 
'" 


13 
; *, 
R1= pnWTER 
TO DI','I~.oR 
IN INTERNAL HEMOR'r' 
'" 


14 ;* 
'" 
1'5 ; '" 
AT EXIT' 
'" 
16 
; '" 
A = LOWER EIGHT BITS 
OF RESUL1 
'" 
17 
; '" 
XA= REMAINDER 
'" 


eeft4 61 
llOO5 37 


~1(lB Ii~ 
0009 8424 


18: 
~ 
C : 
SET IF OVERFLOWELSE CLEARED 
* 
19 .:. 
* 


~ij ..********.~* 
~*;U*~* ~** "******. 
********.****************************************** 
21 .' 
22: 
2:: f1NCLll['J!:(F1:DIV16 
PrO 


24 
.1 
PI\l16 
2'5 : 1 WJH=8 
26 
·1 [JIVWEND(1~,-81 
=rJI','IDENLo[15-BHII\lISO~' 
27 
: 1 IF BORROW=i:lTHEN /* 
IT FITS~;'! 


28 
: 2 
SET O'''ERFlO~ 
FLAG 
29 
: 1 ELSE 
30 
::;: 
PE5T(lj;f 
D!'JrDEND 


:1 
·2 
PEPEAT 


~·o .; 
DI'·/IDEND:=DI\lIDENV*2 
53 
::: 
((lOT lENT =r~JOTIENT*2 


34 
: 3 
NVIDENDU,)-8l: 
=[)J \IIDfND[ 1)-8l-NVISDP 
35: 
? 
IF 80RPOI·I=1 THEN 


36 
: 4 
"[STORE 
DIVIDEND 
:7 ;3 
ELSE 
38 
: 4 
;;)lJOTIENTUll 
=1 
39 .: 
HlllIF 
4~1 : ~ 
COIJIH =WJNT-1 
41 
: 2 
IJlTIL 
COlJIIT=0 


42 
: 2 
CLEAR O~UFLOW FLAG 
43 
: 1 ENDlF 
44, 
1 ENDDml)E 


4'5. 


4f 
. EQUATES 
47, 
43 . 
49 YoR 
EQlJ 
R2 


50 cOIJIn 
EQIJ 
R3 


51 . 


52 $E}ECT 


53 $INCLlJDE( :F1:l)IV16) 
54.1 
DI','16. 


55 DIV16 
~I:H 
A, XA 
I"OIJTlNE WORKSI'lOSTL\I WITH 8m 15-8 
56 . 1 COI.•H· =8 


57 
110\1 
COUNT.• 8 


58 
.1 
DIVIDENl:H,)-8J=DIVIDEN[JU5-8J-DI','JSOR 


59 
Cf'L 
A 


6f.l 
AW 
A,~Rl 


61 
CPL 
A 


62: 
1 IF SORROW=0 THEN i* IT I'll S*/ 
63 
JC 
01\1111 
64 
; 2 
SET O','EPFLOW FLflG 
65 
CPl 
C 


6£. 
}MI' 
Dms 
67 .1 EtSE 
68 f:1',!IR 


69 
2 
~'E5TORE DIVIDEND 
7~1 
ROO 
A,~l 


71 
2 
REPEAT 
72 DIVILP 
n .:: 
DI','IDEND:=DIVIDENO*2 


lliJOTIErH 
=I]U'nIEtH*2 


CLR 
C 
'~CH 
H,:<A 


PLC 
A 


XCH 
A, XA 


I'LC 
A 


.!NC 
fll~'IE 


CPL 
A 
Fii[' 
A,@Rl 


CPL 
A 
.:'1" 
['IYIC 
r,1'.I Jl)ENDU5-$ 
I =DIVJ[iENVt: 15-8J-HYISOR 


CPL 
A 
t«J 
H,~l 


CF'L 
A 


IF 
E:ORROW=1 THEN 


..i'jC 
fllVIC 


PESTORE L'h'WEND 


rlW 
A.~·l 


-'Ilf' 
owe, 


ELSE 


·'4 , 
.. ~ 


flOOC 
q~ 
75 
-, 
!!000 ~'A 
76 
ooeE 
f.' 
77 
ooeF 
2A 
78 


00113 
F7 
79 
0011 E618 
80 
OOD 
17 
81 
0014 61 
82 
0015 
j7 
83 
0016 
&4213 
t:4s; , 
'- 
0018 
:;7 
:~ vIVIE. 


0019 f.1 
8;- 


lltl1A ,~ 
82 
>' 


t'~ 
00lB 
Eh:'~i 
9& 
91 
,~ 


ttl3W 
61 
92 
00lE 
ft421 
~? 
'''4 '? 
95 [\!'.,')C 
% . 4 
I1lJOTIENTUI I =1 
~~7 
WC 
i(A 
98] 
mjlF 
~9 :] 
C')U~T =WJNT-l 


= 100 .;: 
U'lTIL 
CO!JNT=0 


= 1<11flIV!LJ 
DJNZ 
(;()IJtlT. DmLP 


= 1"'2 . 2 
CLEAR O'JERFLOW 
FLAG 


= 10: 
ClR 
C 
= 104 ,1 ENDIF 
= 105 ,1 ::rj['l[d ','10£ 


= 106 (ll1:'IB. 
:~CH 
0024 
21-1 


'3025 S? 
= 107 
RET 


198 
HID 


USE" S~'t'18OL5 
COUNT 0003 
DIV16 
0001) 


lit 
&0€t2 


RS~'£/'IEt'r' COI'l~ETE, 
110 EI(RIJ!i:5 


The variable 
BCDACCUM 
is a BCD string 
used to ac- 
cumulate 
the result; 
the variable 
BIN is the binary num- 
ber to be converted. 
PRECISION 
is a constant 
which 
gives the length, 
in binary 
bits of BIN. To see how this 
works, 
assume 
that 
BIN is a sixteen 
bit value with 
the 
most 
significant 
bit set. On the first 
pass through 
the 
loop the multiplication 
of BIN will result 
in a carry and 
this 
carry 
will 
be added 
to 
BCD. 
On 
the 
remaining 
passes 
through 
the loop BCD will 
be multiplied 
by two 
15 times, 
The initial 
carry into BCD will be multiplied 
by 
215 or 32678, which 
is the "value" 
of the most significant 
bit of BIN, 
The process 
repeats 
with 
each 
bit of BIN 
being introduced 
to BCDACCUM 
and then being scaled 
up on successive 
passes 
through 
the 
loop. 
Figure 
7 
shows 
the 
implementation 
of 
this 
algorithm 
for 
the 
8049, 


The conversion 
of a binary value to a BCD (binary coded 
decimal) 
number 
can 
be done 
with 
a very 
straight- 
forward 
algorithm: 


CONVERT_TOJ\CD: 
BCDACCUM: = 0 
COUNT: = PRECISION 
REPEAT 
BIN:=BIN·2 
BCD: = BCD· 
2 + CARRY 
COUNT: = COUNT - 1 
UNTIL COUNT = 0 
END CONVERT_TQBCD 


inter 


1 $I1ACROF I LE 
2 SINCLUDE' .Fl.CONB(:{l 
HED) 


? .'*.**•• __•• **·,••• **•• *••*••• *•• *••• *.** •• u.~** •• ***.*".** 
•• *.**.**** •.•***••• *** 


4 ,* 
* 
5 ; * 
(ONSCO 
* 
6 ,. 
• 


"1 ; *===:=============================================:=================* 
S,· 


9 ,* 
THIS 
UTILIW 
CONVERTS H 16 Bli BINAPV VALUE 10 BW 
Ill.. 
Hl ENTIIY 
11;. 
A = LOlJE. 
EIGHT BITS 
(f 
Ill~' 
'o/flJ.JE 


12 ; * 
:<A: UPPER EIGHT BliS 
OF BINAP.'r' ','fl.'-£ 


13 
; - 
119= PDHlT[R 
TO f' FIUEV 
BCD Sli<ltI{, 
14 .• 


15 
;* 
HT EXIT 
16;. 
A = '-'lfHINED 
17 
;. 
;<R= UNDEFINED 
• 
18 ;. 
C = SET IF OVEF.'FL~ ELSE ltEHRED 
• 
19 ;* 
• 
2e ;*.*** •••••••••••••••• 
*.t<*•••• H.t<• .t<•••••••• 
.t<•• *••• **••• **.**.t<*••••.•••••••••••••• 
21 ; 
22, 
27 SINClIJDEiFl 
CI)«[) PDt.) 


24 
. 1 C~~'EI1L 
TO_BCD 
2'5;lf;(:1)A('£'.=9 


26.1 
COUNT=16 
27 
1 REPEAT 


23;2 
BIN:=BIN*2 
~ 
; 2 
BCD. =BCD.2+CAAIIY 


19 ; 2 
IF CAIII1'I FROIl BCDACC GOTO ERROl( EXIT 


31 ; 2 
COl..t1T =COUNT-1 


32; 
1 IJIITIL l::J.:dJNT~ 


13 
; 1 00 GOI-N£RL TO_BC\) 
:4, 


:'5 
. 
EQUATES 
76 


• •• 


• 
.•. 


.•. 
• 
*• 
*, 
• 


i7 ; 


tl902 
?3 
XA 
EOO 
1<2 


0003 
39 COUNT 
EQU 
R3 
'JljIJ4 
49 
ICNT 
EQU 
114 
41 
; 
0093 
42 C'IGPR 
EQU 
43 ; 


44 SElECT 


45 SINClIJl'ti:Fl 
COIlBCD) 


46 ' 
·F TEMPI SET 
.:'5 
48 ; 
49.1 
CONVH'LTILSCD 


)13 Ct-l6C!) 


51 ; 1 BCDAC.C=9 
52 
XCH 
A, R8 


inter 


OClttl il:) 
~192 2:3 
9OO~ BCiE 
~ 
8100 
~e? 13 
13000 Et:.05 


eooc 97 
סס oo ~7 


eOOf 
2fi 
e00f ;:7 
ooHl2fi 


0011 28 
0012 A9 
0013 28 
0014 BUG 
0016 
ftf, 
tl(t17 f1 
0018 71 
~1019 57 


:Je1ft 
111 
0018 19 
~llC Eel7 


001E I'D 


0021 
EOOl: 
0023 97 


f;'1,H 


ft,PO 


ICNT, tDIGP" 
~L.t3J3 


Pi 
ICNT. BG({OA 


55 
I'I(W 


'56 8C[,e(',:> 
MOV 
5~ 
Jue 


5::: 
I/.n~: 
<:9 .1 cOl.m =1" 


613 
Mll\1 
61 ,1 REPEAT 


62 
E:(:DrOIl. 


~:; ·2 
e:N. =BHl*i 


';4 
CU 
( 


.;') 
RlC 
f1 


66 
XCH 
A, XA 
67 
RLC 
A 


f..g 
XC<i 
R. :\fl 


';9 
: 2 
E:CD=BCD*2+CftF'~· 
73 
~i(H 
11..Re 
71 
mv 
~1.A 


;'2 
XCH 
A. R8 


?3 
IIOV 
ICNT. tllIGI'R 
74 
MO'" 
TEMPI. R 


7'5 8C'OOC 
MOV 
H· @Ri 
76 
HOOC 
fl, @Ri 
77 
[!A 
A 
78 
110... 
@Ill,fl 


79 
lNC 
Ri 


80 
r,mz 
WiT. BCDOC 


81 
t1O" 
fl. TEMPi 


€<2 ,2 
IF CARR\' FROM ecroflCc 
GOTO ERf,~ EXIT 


83 
JC 
BCVCOO 


84 .2 
COUNT=WJNT-l 
8'5 .1 IJrJ,!L COIJNT=ll 
% 
r,mz 
COUNT, BCI/COB 


87 
CLR 
C 
. 
CLEAR CARRI' TO WDICATE 
NORMAl TERHINHTWU 
88 
: 1 END CONVERT_ TO_BCD 
:39 BC[l(I)[) RET 


91) 
EllD 


USER S','MBOL5 
BWCOA•.1(1(11 
f:WC08 OOOC 
BCUCOD0024 
BeDOC 0017 
CNBC[.. 0000 
COUNT 0003 
DIGI'II 
0003 
TEMPl 
000'5 
:(11 
0002 


inter 


The conversion 
of a BCD value 
to binary 
is essentially 
the same process 
as converting 
a binary 
value to BCD. 


CONVERLTO.-BINARY 
BIN:=O 
COUNT: = DIGNO 
REPEAT 
BCDACCUM: 
= BCDACCUM 
• 10 
BIN: = 10 • BIN + CARRY DIGIT 
COUNT: = COUNT - 1 
UNTIL COUNT = 0 
END CONVERT_TO_BINARY 


The only 
complexity 
is the two 
multiplications 
by ten. 


The BCDACCUM 
can be multiplied 
by ten by shifting 
it 
left 
four 
places 
(one digit). 
The variable 
BIN could 
be 
multiplied 
using 
the 
multiply 
algorithm 
already 
dis- 
cussed, 
but it is usually 
more efficient 
to do this by mak· 


This implies 
that the value 10 • BIN can be generated 
by 
saving 
the value of BIN and then shifting 
BIN two places 
left. After 
this 
the original 
value of BIN can be added to 
the new value of BIN (forming 
5 • BIN) and then BIN can 
be multiplied 
by two. 
It is often 
possible 
to implement 


the multiplication 
of a value by a constant 
by using such 
techniques. 
Figure 
8 shows 
an 8049 routine 
which 
con- 


verts 
BCD values 
to binary. 
This 
routine 
differs 
slightly 
from the algorithm 
above in that the BCD digits 
are read, 


and converted 
to binary, 
two digits 
at a time. 
Protection 
has also 
been added 
to detect 
BCD operands 
which, 
if 
converted, 
would 
yield 
binary 
values 
beyond 
the range 
of the result. 


1 $MI1OFILE 


2 $INCLUDE( 
Fl' '))NBIN 
HED) 
] ;**,-************************************************************'*************** 
4 ,* 
* 
5 ;* 
CO.'lPIN 
* 


6 ,'* 
* 
7 ;*=======================================================================* 
8 ,;. 
* 
9 ;. 
THIS UnLiT" 
CON','ERTS A 6 DIGIT 
BCD '~AlUE TO BINARY 
* 


19. * 
AT ENII"',' , 
* 
11 
;* 
RO= POINTER TO A PACKW BCD STFING 
* 
12 ;* 
• 


13 .t 
AT EXIT' 
* 


14 
;* 
A = LC'lER EIGHr 
BITS 
OF THE BINAII'~ RESULI 
* 


1~, . * 
:\'f:= UPPER EIGHT BITS 
OF THE BINAP'r' RESI.U 
* 


16 
. * 
(' = SET IF O'v'ERI'LOI.JELSE CLEARED 
• 


17 ;* 
* 


18 ;*************'1'***** ~*,t,~*****,_*************t********************.************** 
19 ,; 


2!:l ; 


21 f1NCLUDEIF1:CONBIN 
PDU 
22 ,; 


23 ' 
24 ; 1 CONVERLTO_BINARY 
25 
; 1 POINTER9:=f'OUlTER0+01liITPAIR-1 
26 
; 1 COl.tn'=DIGITPAIR 


27 
;1 
BIN:=t1 


2'3 ; 1 REPEAT 
29 
; 2 
BH~'=BIIMl] 


::~ ; 2 
BIN: =BINTI1E"(Re)[;'-4 
1 


31 
,2 
BIN=E:INtl@ 


32 
; 2 
BIN, =BIN+tO(R{l)[ 
Hll 


intJ 


סס oo F8 
8001 03e2 


13003 ~ 


0008 1428 
00eH F6~'f1 


OOOC AD 
00I.:lD Fa 


OOtlE 47 
000F 
53flF 
0011 60 
0012 
2A 
0013 1300 
0015 2A 


0016 
F62A 


0018 1428 


00lA 
F62A 


001e AO 
0010 Fe 
00lE 
5:;eF 
0020 f[, 
0021 2A 


AP.4Q 
".•.i 
lljJ/(I .=U.lJIH-1 


35 
.1 
lJNT!L COUH=O 
:;6 ,1 E'l> 
SON"'ERL TO_BlNAIlV 


~e 
41 i(A 
EOU 
fl2 


42 COUNT 
EQlJ 
R3 


';3 
leNT 
EQU 
R4 
44 
: 


45 
[,IGPI': 
EQIJ 


46 
. 


47 
SEJECT 


48 SlNCLUDE( ·F1CONBIN) 


49 ' 
50 
TEMPi 
SET 
R5 


51 
TEMP2 
SET 
fl6 
52 ; 


'53 ; 1 CON"'ERLTO_BINftRI' 
54 C(It,IBIN 


55 
: 1 POINTEfle 
=POINTERe+OWITPAlfI-l 


:.15 
1'10'/ 
A, Re 


57 
ADD 
A.. 'OIGPfI-l 
58 
I'lQ\I 
Rl,l.A 


59 
; 1 COUNT =['IGITPAlfi 
60 
1'10'1 
(;(IIJNT. ID 1GPI': 
61 .1 BIN =0 


62 
CLR 
A 


e_ 
MO'" 
;(A.. A 


64 .1 REPEAT 


65 eeNBLP. 
f.f..2 
8IN:=8IN*10 
f.7 
CfU 
CONBle 


E.8 
IC 
CONSER 
69 
: 2 
BIN. =81N+M£M<Re)[ 7-41 


70 
J1(~! 
TEMPi, A 


71 
'10V 
A, @RO 


72 
Si>lAP 
A 
7"1 
ANl 
A,'~H 
74 
ADD 
H..TEI'tPl 


;'5 
XCH 
A, XA 
7f. 
AD!lC 
A. 100 


77 
XCH 
A.,XA 
78 
.JC 
CfJNtfR 


79 ,2 
IiIN =811#10 


80 
CALL 
C0N810 
81 
,Ie 
COl~R 


82 
: 2 
BIN =8IN+MEH(RM 
3-0 1 


8? 
MOV 
TEMPi, A 
84 
MOl' 
A.~9 
85 
ANt. 
A, .flFH 
8f. 
ADD 
A, TE~lPl 


87 
XCH 
A, XA 


inter 


0022 131Je 
0024 2A 
00;,'5 ~t-2fl 


002B All 


Be2C 2H 
~)2[) AE 


002E 2A 


fM2F 97 
003B F7 
0031 2A 
0032 F7 
0033 2A 
0014 F64f. 


0036 F7 
0037 2A 
0033 F7 
0039 2f. 
003fi F646 


003C W 
003[1 2A 


lj{l:?E lE 


OOlF 2A 
0040 F646 


0042 F7 
0043 2A 
0044 F7 
9045 2A 


Be 
ADfJC 
A, tOO 
S9 
XCH 
A,;1\ 
90 
JC 
ClJISEII 
91 ; 2 
POI'lTER9 =POINm'0-1 


92 
DEe 
R9 
93 ; 2 
COUIlT=(OIJNT-l 
94 ,1 IJlllL cotm=e 
95 
D.JN2 
WJn, CON8LP 


96; 
1 END CIJlVERLTO_BIPlAR'~ 
97 cmlE:E1I 
IiET 
9S SEJECT 
99 
=100 


= 191 
= 192 
= 193 
; 
= 104 CONB19 /II:»' 
= W5 
XCH 
= 106 
110',' 


= HI7 
XCH 


= 108 
; 
= 109 
= 110 
= 111 
= 112 
= 113 
= 114 
= 115 
; 
= 116 
= 117 


= 118 
= 119 
=129 
= 121 
= 122 


= 123 
= 124 
=125 
= 126 


= 127 


= 128 


= 129 
= 130 
= Hl 


= 132 
= 133 CONBIE RET 


= 134 


UTILI W 
TO Ml.l TlPL~' BIN B',' 19 
CAI?R~'WILL BE SET IF OVERFLOWOCClJIIS 
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A,XA 


A 
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The design goals of the full duplex serial communica- 
tions software were realized; if transmission and recep- 
tion are occurring concurrently, only 42 percent of the 
real time available to the 8049will be consumed by the 
serial link. This implies that an 8049 running full duplex 
serial I/O will still outperform earlier members of the 
family running without the serial I/O requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200baud with the same 42 percent CPU utilization. 


The execution times for the other routines that have 
been discussed have been summarized in Table 1.All of 
these routines were written to maintain maximum use- 
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there- 
fore what the user can expect to see in a real applica- 
tion. The results that were obtained clearly show the ef- 
ficiency and speed of the 8049.The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre- 
sents a substantial 
performance advantage over the 
8048.Considering, in most applications, that the 8048is 


the highest performance microcomputer available to 
date, the performance advantage of the 8049 should 
allow the cost benefits of a single chip microcomputer 
to be realized in many applications which up until now 
have required too much "computer power" for a single 
chip approach. 


MPY8 


DIV 16 


CONBCD 


CONBIN 
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(MICROSECONDS) 


BYTES 
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37 
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I. PURPOSE AND SCOPE 


This 
Application 
Note 
presents 
a description 
of 
the 
design 
and operation 
of a high·speed 
emulator 
for the 
Intel'" 
MCS·48™ 
family 
of single 
chip microcomputers. 


The HSE·49™ 
emulator 
provides 
a simple 
and inexpen· 
sive means for executing 
and debugging 
8049 programs 
which 
require 
the full 
11·MHz operating 
speed 
of the 
part. 


Section 
II of this 
Application 
Note 
describes 
some 
of 
the features 
of this development 
tool and how it may be 
used. Section 
III briefly 
discusses 
the hardware 
used to 
implement 
these 
features, 
while 
Section 
IV describes 
the manner 
in which 
program 
execution 
status 
is made 
available 
to the operator. 


A detailed 
description 
of all of the operator 
commands 


is presented 
in Section 
V of this 
note, 
along 
with 
the 
modifiers 
and options 
which 
may be specified 
for each 
command. 
Known 
restrictions 
and 
limitations 
of 
the 
HSE·49 system 
are listed 
and explained 
in Section 
VI. 


Section 
VII 
shows 
how 
the 
basic 
circuit 
may 
be 
modified 
to provide options 
on memory organization, 
I/O 
configurations, 
etc. 


Full 
schematics 
of 
the 
system 
hardware, 
as well 
as 
monitor 
software 
listings, 
are presented 
in Appendices 
A and B, respectively. 
A short summary 
of the command 
syntax 
is presented 
in Appendix 
C,. Appendix 
D ex· 


plains 
the error message 
codes 
which 
may appear duro 


ing use. 


It is assumed 
that the reader is already familiar 
with the 
operation 
of the 8048 or 8049 microcomputers. 
Some 
knowledge 
of the 8048 architecture 
is needed to under· 


stand 
sections 
of the command 
and modifier 
descrip· 


tions. 
Most 
users 
will 
already 
have this 
background. 


Other 
readers 
are 
referred 
to 
the 
MCS·48 
Microcom· 


puter 
User's 
Manua/, 
Intel publication 
number 
9800270. 


II. THE HSE·49 DEVELOPMENT 
TOOL 


In essence, 
the 
HSE·49 emulator 
provides 
the user 
a 
means 
for executing 
an MCS·48 program 
located 
in ex· 
ternal 
RAM rather 
than 
internal 
ROM or EPROM. This 
allows 
programs 
being debugged 
to be modified 
easily 
and qUickly 
during 
the debug 
cycle. 
A user's 
program 
may be entered 
into system 
RAM either 
manually 
or via 
a 
serial 
link 
from 
a host 
computer 
such 
as 
an 
In· 
tellec'" 
Microcomputer 
Development 
System. 
Once 
loaded, 
the program 
can be modified 
using an on·board 
keyboard 
and 
display, 
and executed 
in real·time 
in a 
number 
of breakpoint 
modes. 
The internal 
state 
of the 
processor, 
including 
RAM, accumulator, 
timer/counter, 
and 
status 
register 
contents, 
can 
also 
be 
read 
and 
modified 
through 
the keyboard. 


Breakpoint 
and debug 
facilities 
are extremely 
flexible. 
The following 
execution 
modes are provided. 


• 
Programs 
may be run in full (11 MHz) real time; 


• 
Programs 
may be single·stepped; 


• 
In break mode, 
programs 
run in full 
real time 
until 
break occ urs; 


• 
Breaks may be triggered 
by either program 
or exter· 


nal data RAM accesses; 


• 
Any 
number 
of 
breakpoints 
may 
be used 
in any 
combination; 


• 
"Auto·Step" 
operation 
causes 
the current 
program 
counter 
and Accumulator 
contents 
to be printed 
on 
the 
display 
for 
a short 
time 
on every 
instruction 


cycle; 


• 
"Auto·Break" 
provides 
the above display 
only when 
a break 
flag 
is encountered, 
with 
real time 
opera· 


tion otherwise; 


• 
While running 
in non·break 
mode, a TTL·level pulse 
is generated 
whenever 
a break flag is encountered. 


This signal 
may be used to trigger 
an oscilloscope 
or Logic 
Analyzer 
to assist 
in hardware 
and soft· 


ware debug. 


• 
While 
running 
in 
any 
mode, 
the 
keyboard 
and 
display 
are "alive". 
Execution 
may be suspended 
or 
terminated 
by commands 
from the keyboard. 


Intent 
of this 
Note 


While 
the HSE·49 emulator 
can assist 
a new microcom· 
puter 
user in becoming 
familiar 
with 
the 8048 and 8049 
microcomputers, 
its 
inherent 
debug 
capabilities 
will 
also 
prove 
helpful 
to 
design 
engineers. 
The 
design 
could be used for new system 
development 
and verifica· 
tion or adapted 
for prototype 
production. 


The main concern 
in designing 
the HSE·49 Elmulator was 
to keep the basic 
design 
simple, 
while 
maximizing 
the 
system's 
flexibility. 
The 
design 
allows 
the 
use 
of 
jumpers, 
hardware 
and software 
switches, 
etc. to allow 
the user to reconfigure 
the system 
according 
to the way 


he dedicates 
chip·select 
pins, I/O, etc. The emulator 
can 
be changed 
to fit each user's 
unique 
needs, rather than 


forcing 
the user to alter his needs to what 
is provided. 


The primary 
intent 
of note is to provide 
the reader with 
the information 
needed to reconstruct 
and make full use 
of the 
HSE·49 emulator. 
Less 
emphasis 
is placed 
on 
describing 
how the hardware 
operates 
or how the com· 


mands are implemented. 
This information 
may be found 


in 
the 
schematic 
diagrams 
and 
software 
listings 
in· 


cluded 
in the Appendices. 


User Program 
Emulation 


The 
actual 
emulation 
of 
the 
user's 
program 
is done 
using 
an 8039 microcomputer 
(IC29 on the schematics 
in Appendix 
A) executing 
a program 
stored 
in external 


RAM. The 
basic 
minimum 
configuration 
includes 
the 
8039 microcomputer, 
an 8282 address 
latch 
(IC19), and 
2K bytes of 2114 RAM to use for program 
development 


and real·time 
execution 
(Ies 
B1, C1, B2, and C2). Addi· 
tional 
RAM may be added 
to allow 
the user to expand 
his program 
and data memory 
to 4K each. (If an 11·MHz 
crystal 
is used 
with 
the 
microcomputer, 
type 
2114·3 
RAMs must 
be used.) 


inter 


System 
Supervision 


A second microcomputer - 
another 8039(IC25)with an 
8282address latch (IC16)and off-chip program memory 
in a 2716 EPROM(IC15)- 
is used to scan the on-board 
keyboard and display, interpret and implement com- 
mands, drive serial 
interfaces, etc. In general, the 
master processor is used to interface the' execution 
processor's memory spaces with the outside world and 
control the operation of the execution processor. In this 
note the two processors will be abbreviated "MP" and 
"!:P", respectively. Figure 1 shows how.the two proc- 
essors interrelate with the rest of the system. 
system. 


familiar with the PROMPT-48™debug tool for the 8048 
will find that 25 of the HSE-49emulator keys are iden- 
tical in function and layout to the PROMPT-48keyboard, 
and use the PROMPT-48command syntax. The eight ad· 
ditional keys are used to generalize and augment the 
PROMPT-48capabilities, as described in Section V. 


The eight-character seven-segment display (051-058) 
is used for displaying addresses, data, and pseudo- 
alphanumeric messages. The display responses printed 
in Section V and throughout this note use a mix of upper 
and lower case letters to indicate what seven-segment 
patterns appear. An 8243 (IC9)and eight DIP packages 
(resistor 
packs, current 
buffers, 
etc.) are used for 
multiplexing the display and scanning the keyboard. 
Keyboard/Display 


The 33-keykeyboard shown in Figure 2 includes a 16-key 
hexidecimal keypad and 17 special function keys for 
specifying commands and modifiers. Readers already 


Breakpoint 
Detection 


Breakpoints are specified and detected using a 2102A 
1Kx 8 RAM corresponding to each pair of 2114s (ICs A1 
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and 
A2). In effect, 
each 
program 
or data 
address 
ac- 
cesses 
a 9-bit 
word. 
Eight 
bits 
are used 
normally 
for 
code or data storage. 
The ninth 
bit, accessed 
in parallel 
with 
the other 
eight, 
is used to indicate 
if a breakpoint 
has 
been 
set 
for 
that 
address. 
This 
output, 
when 
asserted, 
is latched 
(IC27 and IC36) and used to halt the 
execution 
processor 
via the single-step 
input. 
(In other 
modes, 
the break 
logic 
can be reconfigured 
to set the 
break 
requested 
flip-flop 
on any EP machine 
cycle 
or 
any EP "MOVX" 
instruction.) 


Link Register 


An 8212 8-bit latch 
(IC18) is used to communicate 
data 
and commands 
between 
the master 
and control 
proc- 
essors. 
Under control 
of the MP, this register, 
called the 


"Link" 
register, 
may be logically 
mapped into either 
the 
program 
or data 
RAM 
address 
spaces. 
When 
this 
is 
done, 
the 
2114s 
in the 
respective 
memory 
space 
are 
disabled 
and 
the 
link 
responds 
to 
all 
accesses, 
regardless 
of 
address. 
The 
link 
will 
be discussed 
in 
greater 
detail 
in Section 
IV. 


Control 
Logic 


In 
addition 
to 
the 
devices 
mentioned 
above, 
the 
minimum 
configuration 
requires 
about 10 additionallCs 
for bus arbitration, 
system 
control, 
and breakpoint 
and 
single-step 
logic. 
Additional 
parts 
may 
be optionally 
added for serial port interfacing, 
I/O reconstruction, 
etc. 


MP Monitor 


The monitor 
program 
executed 
by the MP includes 
com- 
mands for filling, 
reading, or writing 
the various 
memory 
spaces, 
including 
the 
execution 
processor's 
program 
RAM, external 
("MOVX") 
data RAM, accumulator 
PSW 
PC, timer/counter, 
working 
registers, 
and internal 
RAM; 
to execute 
the user's 
program 
from arbitrary 
addresses 
in various 
debugging 
modes; and to upload or download 
object 
or 
data 
files 
from 
diskettes 
using 
an 
In- 
tellec~ 
development 
system. 
No 
special 
software 
is 
needed 
for the Intellec~ 
other 
than 
ISIS Version 
3.4 or 
later. The data format 
is compatible 
with 
the standard 
Intel 
hex file format 
produced 
by ASM-4; the baud rate 
may be altered 
from 
110 baud (default 
state) up to 2400 


baud from the on-board 
keybad. 
Blocks 
of data may be 
transmitted 
to 
a CRT 
or 
printer 
and 
displayed 
in 
a 
tabular 
format. 


Program 
Break Sequence 


When the M P detects 
that the EP has been halted by the 
breakpoint 
hardware, 
or when 
the operator 
presses 
a 
key while 
the program 
is executing, 
the program 
break 
sequence 
is initiated. 
The low-order 
23 bytes of user pro- 


gram 
memory 
is read into 
a buffer 
within 
the internal 
RAM 
of 
the 
MP. 
A 
short 
program 
for 
reading 
and 
transmitting 
internal 
EP status 
is written 
over the low- 


order 
program 
memory. 
(This 
is one of several 
"mini- 
monitors" 
overlayed 
over the 
user program 
area_) The 
link register 
is mapped 
logically 
over the user program 
memory, 
and loaded 
with 
the 8049 machine 
code for a 
"CALL" 
instruction 
to the 
mini-monitor 
program 
area. 


The EP is then allowed 
to fetch a single 
instruction 
from 
the link, 
i.e., the "CALL" 
to the mini-monitor 
is forced 
onto the EP data bus. 


From this 
point 
on, the EP executes 
code contained 
in 
the mini·monitor. 
The link is logically 
mapped 
over the 
data RAM address 
space (whether 
or not any 2114 data 
RAMs 
are present). 
A block 
diagram 
of the system 
at 
this point 
is shown 
in Figure 3. The break logic is recon- 


figured 
so that 
any "MOVX" 
(RD or WR) operation 
ex- 
ecuted 
by the EP will 
cause 
it to halt. 


For example, 
after 
entering 
the first 
mini·monitor, 
the 
EP executes 
a "MOVX 
@RO,A" instruction. 
This writes 
the contents 
of the accumulator 
prior 
to the execution 
termination 
into the link, and causes the EP to halt. The 
MP may then read and retain the link contents 
to deter· 


mine 
the 
EP accumulator 
value. 
The EP timer/counter 
and PSW are preserved 
in the same manner. 


Accessing 
EP Internal 
RAM 


After 
reading 
and 
saving 
EP internal 
status, 
the 
MP 
loads a different 
mini-monitor 
into the same RAM area. 


This 
monitor 
allows 
the internal 
RAM of the EP to be 
read and written 
by the MP by passing 
address 
and data 


Figure 
3. Communication 
between 
EP & MP 
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values 
between 
the 
two 
processors 
using 
the 
link 
register. 


This 
is needed 
for two 
reasons. 
First, 
the EP program 
counter 
prior 
to the forced 
"CALL" 
instruction 
may be 
derived 
from 
the 
EP 
stack 
contents, 
and 
may 
be 
modified 
to cause 
the EP to resume 
execution 
at any 
desired 
address. 
Secondly, 
the internal 
RAM of the EP 
may then 
be accessed 
and modified 
in the process 
of 
executing 
a number 
of the monitor 
commands. 


Resuming 
User Program 
Execution 


In order 
to resume 
user 
program 
execution, 
a status- 


restoration 
mini·monitor 
is overlayed. 
This restores 
the 
EP internal 
status 
using a scheme analogous 
to the one 
in which 
the status 
was originally 
saved. The final step 
of the last mini-monitor 
is an "RETR" 
instruction, 
after 
which 
the 
EP is again 
halted. 
The low-order 
program 
memory 
saved earlier 
is rewritten 
into 
the appropriate 
area, the break logic 
is reconfigured 
for the desired 
ex· 
ecution 
mode, and the EP is released to run at full speed 
until 
the next break situation 
is encountered. 


Note 
that 
all 
commands 
are 
implemented 
using 
"logical" 
rather 
than 
"physical" 
addressing. 
Thus 
the 
operator 
need not be concerned 
with 
the intricacies 
of 
the system design. 
For example, 
when any monitor 
com- 
mand refers to low-order 
user program 
memory, 
the ap- 
propriate 
byte of storage 
within 
the MP internal 
RAM is 
accessed 
instead. 
If the location 
is altered, 
the internal 
RAM is modified 
appropriately. 
When program 
memory 
is reloaded 
prior 
to resuming 
user program 
execution, 


the modified 
version 
of the user program 
will be the one 
loaded. 


Boud 
HR06 
HR07 


110 
93H 
04H 
150 
96H 
03H 
300 
45H 
02H 
600 
9DH 
01H 
1200 
44H 
01H 
2400 
1AH 
01H 


Whenever 
the characters 
"HSE-49" 
are present 
on the 
system 
display, 
a command 
string 
may be entered 
by 
the operator. 
In general, 
all command 
strings 
consist 
of 
a 
basic 
command 
initiator, 
an 
optional 
command 
modifier 
or type·designator, 
and a number of parameters 
or deli miters 
entered 
as hexidecimal 
digits. 
A command 
is executed, 
or a command 
in progress 
terminated, 
by 
pressing 
the 
[END/.j 
key. 
Logical 
default 
values 
are 
assumed 
for the 
modifier 
and parameters 
if either 
(or 
both) are omitted. 
A defualt 
parameter 
assumed 
for the 
command 
modifier 
will 
be 
presented 
on 
the 
display 
when the first 
parameter 
is entered. 


Each parameter 
is a string 
of up to three 
hexidecimal 
digits. 
If more 
than 
three 
digits 
are entered, 
only 
the 
most 
recent 
three 
are considered. 
This 
allows 
an er- 
roneous 
digit 
to be corrected 
without 
respecifying 
the 
entire 
command. 
A parameter 
is completed 
by pressing 
the [NEXT/,j 
key. Some 
commands 
may only 
need the 


low 
order 
part of a parameter; 
i.e., a command 
incor- 


porating 
a data 
byte (such 
as [FILL]) 
will 
use only 
the 
low-order 
8 bits 
of the corresponding 
parameter; 
Inter- 


nal 
RAM and 
hardware 
register 
addressing 
uses 
only 
seven. In each case, higher 
order bits are ignored. 


A command 
string 
is terminated 
and the command 
in· 
voked 
by pressing 
the [END/.] 
key. The command 
will 
also be invoked 
by pressing 
the[NEXT/,] 
key when no ad- 


ditional 
parameters 
are allowed. 
A command 
string 
may 
be aborted 
at any point 
before the command 
is invoked 
by 
pressing 
the 
[CLEAR/PREV] 
key, 
and 
the 
sign-on 
message 
will appear. 


Errors 


An 
illegal 
command 
string, 
command 
terminator, 
or 
hardware 
failure 
will 
cause an error message 
and error 
code number 
to appear on the display 
(e.g., "Error·.3"). 


When this occurs, 
the monitor 
can be returned 
to com· 
mand mode by pressing 
the [CLEAR] or [END/.] keys. An 
explanation 
of the various 
error codes is given in Appen· 


dix D. 


Command 
Classes 


Commands 
for 
the 
HSE·49 emulator 
are divided 
into 


general classes, 
where all commands 
in each class have 
the same choice 
of options 
or modifiers. 
A brief descrip· 


tion of each command, 
followed 
by a description 
of the 
allowed 
options, 
is presented 
below 
by class. 


Data Manipulation/Control 
Command 
Group 


Commands: 


[EXAM/CHAj 


Display 
Response 
- 
"ECh." 


Function 
- 
Examine/change 
memory 
location. 


Causes 
the memory 
address 
specified 
to be read 
and 
presented 
on the display. 
New 
data 
may be 
entered 
(if desired) 
from 
the hexidecimal 
keypad. 
New 
data 
is 
verified 
before 
appearing 
on 
the 
display. 
Subsequent 
or previous 
locations 
may be 
read 
by 
pressing 
the 
[NEXT/,j 
or 
[PREV] 
keys, 


respectively. 
Command 
terminated 
with 
[END/.] 
key. 


[FILL] 


Display 
Response 
- 
"FIL." 


Function 
- 
Fill 
range of memory 
addresses 
with 
a 
single 
data value. 


Fill the appropriate 
memory 
space between 
the ad· 
dresses 
specified 
by the first 
two parameters 
with 
the low·order 
byte of the third 
parameter. 
If second 
parameter 
less 
than 
first, 
only 
the 
location 
specified 
by the first 
is affected. 
IT third 
parameter 


omitted, 
zero 
is 
assumed. 
If 
second 
and 
third 
parameters 
omitted, 
individual 
address 
specified 
is 
cleared. 
Command 
is 
useful 
for 
setting 
a large 
range 
of 
breakpoints; 
e.g., all 
of 
page 
3 may be 
enabled 
for break with 
the command: 


inter 


[LIST] 


Display 
Response 
- 
"lSt." 


Function 
- 
list 
memory 
to output 
device 
through 
HSE-49 serial 
port. 


Display 
the contents 
of a range of addresses 
given 
by two 
parameters 
to a teletype 
or CRT screen. 
Data is formatted, 
16 separated 
bytes per line, with 
the starting 
address 
of each 
line printed. 
If used 
with 
an Intellec<!l system, 
the 
operator 
first 
uses 
ISIS-II to transfer 
the TIY 
input 
to the CRT output 
("COPY 
:TI: TO :CO:") then invokes 
this command 
from 
the keypad. 
Alternatively, 
any ISIS device 
or 


disk 
file 
name(:TO:, 
:lP:, 
:F1:HRDREG.SAV, 
etc.) 
may be used as the destination. 


[DNlOADJ 


Display 
Response 
- 
"dnl." 


Function 
- 
Download 
memory through 
HSE-49 serial 
port 


load 
data in hex file format 
through 
the serial input 
port. 
If used 
with 
Intellec<!l system, 
the 
operator 
first 
invokes 
this command 
from the keypad, then 
uses 
ISIS-II to transfer 
a disk 
file 
to the teletype 
port ("COPY: 
Fn:file.HEX 
TO :TO:"). 


The use of the 
checksum 
field 
for the download 
command 
is expanded 
slightly 
over the Intel 
hex 
file 
format 
standard. 
If the 
first 
character 
of the 
checksum 
field 
is 
a 
question 
mark 
("?"), 
the 
checksum 
for that record 
will 
not be verified. 
This 
allows 
large object 
files produced 
by the assembler 
to be patched 
using the ISIS text editor without 
the 
necessity 
of manually 
recomputing 
the checksum 
value. 


[UPLOAD] 


Display 
Response 
- 
"UPl." 


Function 
- 
Upload 
memory 
through 
HSE-49 serfal 
port. 


Output 
the 
contents 
of 
a 
range 
of 
addresses 
specified 
by 
the 
two 
parameters 
through 
the 
HSE-49 serial 
port in standard 
Intel hex file format. 


If used 
with 
Intellec'" 
system, 
the 
operator 
first 
uses ISIS-II to transfer 
the TIY 
input 
to a disk file 
("COPY 
:TI: TO :Fn:file.HEX"), 
then 
invokes 
this 
command 
from the keypad. 


Data types allowed: 


[PROG MEM] 


Display 
Response 
- 
"Pr." 


Function 
- 
User program 
memory. 


Memory used to develop and execute 
user program. 
Addresses 
000 through 
7FF are the execution 
proc- 
essor's 
memory 
bank 
0; 
800 
through 
FFF 
are 
memory 
bank 1. 


[REGISTER] 


Display 
Response 
- 
"rG." 


Function 
- 
Register 
memory 
and RAM. 


Internal 
RAM 
of 
execution 
processor. 
locations 


0-7 are working 
register 
bank 0; 18-1F are working 
register 
bank 1. Only the low-order 
7 bits of an ad- 


dress are considered. 


[DATA MEM] 


Display 
Response 
- 
"dA." 


Function 
- 
External 
data memory 
(if installed). 


Memory 
accessed 
by execution 
processor 
"MOVX 


A,@Rr" 
or "MOVX 
@Rr,A" 
instructions. 
High-order 
4 bits 
mayor 
may not 
be relevant, 
depending 
on 
jumpering 
option 
selected 
(explained 
in Section 
VII 
of this note). 


[HARD REG] 


Display 
Response 
- 
"Hr." 


Function 
- 
Hardware 
registers. 


The execution 
processor 
(EP) hardware 
registers 
(accumulator, 
timer/counter, 
etc.), 
as 
well 
as 
several 
parameters 
for controlling 
HSE-49 system 
status, 
are 
accessible 
through 
this 
catch-all 


memory 
space. Addresses 
are as follows: 


00 - 
EP accumulator. 


01 - 
EP PSW. 
Bits correspond 
to 8049 PSW except 
that bit 


3 (unused 
in the 8049) is used to monitor 
and 
alter 
the state 
of F1. Bits 2-0 correspond 
to 
the stack pointer 
value after the EP executes 
a CAll 
to the mini-monitor; 
i.e., one greater 
than 
when 
EP was 
running 
the 
user's 
pro- 


gram. 


02 - 
EP timer/counter. 


03 - 
EP internal 
RAM location 
00. 


(This 
value 
is 
also 
accessible 
through 


[REGISTER] space.) 


04 - 
EP program 
counter 
(low byte). 


05 - 
EP program 
counter 
(high nibble). 


06-07 
- 
HSE-49 serial 
interface 
baud rate param- 


eters. 
Defaults 
to 110 baud; other 
rates may 


be selected 
by loading 
the 
values 
listed 
in 
Table 1. 


08 - 
HSE-49 
automatic 
sequencing 
rate 
parameter. 
Used 
in 
[GO][AUTO 
STP] 
and 
[GO][AUTO 
BRK] execution 
commands. 
00 - 
fastest; 
FF - 
slowest. 
Defaults 
to 20H; ap- 
proximately 
two steps 
per second. 


09 - 
Monitor 
version/release 
number 
(packed 
BCD). 


OA-OF - 
Currently 
unused by the monitor 
program. 


10-7F 
- 
Variables 
used by master 
processor 
(MP) 


monitor. 
Should 
not be altered 
by operator. 


[PROG BRK] 


Display 
Response 
- 
"Pb." 


Function 
- 
User program 
breakpoint 
memory. 


Memory 
space 
used to indicate 
points 
where 
pro- 
gram execution 
should 
halt when running 
in a mode 
with 
breakpoints 
enabled 
([GO)[W/ 
BRK] 
and 
[GO)[AUTOBRKJ). 
Break will occur 
if enabled 
byte is 
read as the first 
or last byte of a 2-byte instruction, 


or read in executing 
a MOVP, MOVP3, or JMPP in- 
struction. 
Memory 
is only 
1 bit per location; 
00 in- 
dicates 
continue, 
01 causes 
a halt. Addresses 
000 
through 
7FF are the execution 
processor's 
memory 
bank 0; 800 through 
FFF are memory 
bank 1. 


[DATA 
BRK] 


Display 
Response 
- 
"db." 


Function 
- 
External 
data RAM breakpoint 
memory. 


Memory 
space 
used to indicate 
points 
where 
data 
accesses 
should 
halt when running 
in a mode with 
breakpoints 
enabled 
([GO][W/ 
BRK] 
and 
[GO)[AUTOBRKJ). 
Memory 
is only 
1 bit per location; 
00 indicates 
continue, 
01 causes 
a halt. High-order 
4 bits of breakpoint 
address 
mayor 
may not be rele- 
vant, 
dependent 
on jumpering 
option 
selected 
for 
the corresponding 
data RAM (explained 
in Section 
VII of this 
note). 


User Program 
Execution 
Control 
Group 


Commands: 


[GO) 


Display 
Response 
- 
"Go." 


Function 
- 
Begin execution. 


If a parameter 
is given 
as part 
of 
the 
command 
string, 
execution 
will 
begin 
at that address. 
Other- 


wise, 
the 
EP program 
counter 
(hardware 
registers 
04 and 05) will 
be used. These will 
contain 
the pro- 
gram 
counter 
from 
an earlier 
program 
execution 
break 
unless 
they 
have 
since 
been 
explicitly 
modified 
by the operator. 


If command 
is terminated 
by [END/.], the EP's F1, 
PSW and stack 
pointer 
will be cleared. 
If command 
string 
is terminated 
by [NEXT/,], 
PSW will 
be taken 
from the EP PSW contents 
(hardware 
register 
01). 


While 
running 
the 
user's 
program, 
the 
characters 


"-run-." 
are written 
on the display. 
Execution 
may 
be halted 
and another 
command 
initiated 
by press- 
ing the appropriate 
command 
key. Execution 
may 
be suspended 
at any time 
in any mode by pressing 
the [END/.] key. This will cause the current 
value of 
the execution 
processor 
program 
counter 
and ac- 


cumulator 
to 
appear 
on 
the 
display 
in the 
form 
"PC.234-56". 
System 
status 
is 
saved 
in 
the 
appropriate 
hardware 
registers. 
At 
this 
point, 
or 
when an enabled 
breakpoint 
is encountered, 
press- 
ing the [NEXT/,] key will 
cause the program 
to con- 
tinue 
in the same mode as before. 
Any other 
com- 
mand 
may be invoked 
by pressing 
the appropriate 
command 
string. 


[GO/RESET] 


Display 
Response 
- 
"Gr." 


All mnemonics 
copyrighted©lntel 
Corporation 
1976. 


Function 
- 
Go from 
reset state. 


EP is hardware-reset 
and released 
to execute 
the 
user's 
program 
from 
location 
OOOH.No parameters 
lire 
allowed. 
FO, F1, PSW, stack 
printer, 
memory 
bank flip-flop, 
etc., are cleared. 


Note that this command 
does not require 
the use of 
mini-monitors 
to initiate 
program 
execution. 
As the 
last 
phase 
of the program 
development 
cycle, 
the 
2114 program 
RAMs and address 
decoder 
may be 
removed 
and replaced 
by a ROM or EPROM 
part 


(not shown 
in schematics). 
This command 
may be 
used to start execution 
when the program 
RAM has 
been removed. 
No interrogation 
of EP status 
or in- 


ternal 
RAM may be done, 
nor are break or single- 
• 
step modes 
allowed 
in this case, though 
the 2102A 
breakpoint 
RAM outputs 
may still be used to trigger 
a logic 
analyzer. 


[NO BRK] 


Display 
Response 
- 
"nb." 


Function 
- 
Without 
breakpoints. 


FUll-speed 
execution 
without 
breakpoints 
enabled. 


Does 
not 
affect 
the 
state 
of 
the 
breakpoint 
memories. 


[SING STPJ 


Display 
Response 
- 
"SSt." 


Function 
- 
Single 
Step. 


Step 
through 
program 
one 
instruction 
at 
a time. 


After 
each instruction 
is executed, 
execution 
halts 
with 
the current 
value 
of the 
Execution 
Processor 
Program 
Counter 
and 
Accumulator 
appearing 
on 
the display 
in the form "PC.234-56". 
System 
status 
is saved in the appropriate 
Hardware 
Registers. 
At 
the 
point, 
[NEXT/,J will 
cause 
the 
program 
to ex- 
ecute 
one more instruction, 
or any other command 
may be invoked 
by pressing 
the appropriate 
com- 


mand string. 
Does not affect 
the state of the Break- 


point 
Memories. 


[WI BRK] 


Display 
Response 
- 
"br." 


Function 
- 
With 
breakpoints. 


FUll-speed 
execution 
with 
breakpoints 
enabled. 
When a breakpoint 
is encountered, 
execution 
halts 
with 
the current 
value 
of the execution 
processor 
program 
counter 
and accumulator 
appearing 
on the 
display 
in the form 
"PC.234-56". 
System 
status 
is 
saved in the appropriate 
hardware 
registers. 
At this 
point, 
[NEXT.,] will 
cause 
the program 
to continue 
until 
the next 
breakpoint 
is reached, 
or any other 
command 
may 
be 
invoked 
by 
pressing 
the 
ap- 


propriate 
command 
string. 


[AUTO STP] 


Display 
Response 
- 
"ASt." 


Function 
- 
Automatically 
sequence 
through 
a series 
of instructions. 


inter 


Step 
through 
program 
one 
instruction 
at a time. 
After 
each instruction 
is executed, 
execution 
halts 
with 
the current 
value 
of the \lxecution 
processor 
program 
counter 
and accumulator 
appearing 
on the 
display 
in the form 
"PC.234-56". 
System 
status 
is 
saved in the appropriate 
hardware 
registers. 
Execu- 
tion 
resumes 
after 
a time 
determined 
by contents 
of hardware 
register 
08. Does not affect 
the state of 
the breakpoint 
memories. 


[AUTO 
BRK] 


Display 
Response 
- 
"Abr." 


Function 
- 
Automatically 
sequence 
between 
break- 
points. 


Execute 
a 
series 
of 
instructions 
in 
real 
time 
between 
breakpoints. 
When 
breakpoint 
is 
en- 
countered, 
halt 
EP 
temporarily 
while 
program 
counter 
and 
accumulator 
contents 
are displayed, 
then continue. 
Display 
is sustained 
after execution 
resumes. 
Does 
not 
affect 
the 
state 
of the 
break- 
point 
memories. 


Breakpoint 
Control 
Command 
Group 


Commands: 


[B] 


Display 
Response 
- 
"Stb." 


Function 
- 
Breakpoint 
set. 


Set 
breakpoint 
for 
the 
address 
given. 
Multiple 
breakpoints 
may be set by entering 
additional 
ad- 
dresses, 
separated 
by the [NEXT/,] 
key. Command 
terminated 
by pressing 
[END/.]. 
Action 
taken 
is to 
fill 
the 
appropriate 
breakpoint 
memory 
locations 
with 
logical 
ones. 


[C] 


Display 
Response 
- 
"CLb." 


Function 
- 
Clear 
breakpoint. 


Clear 
breakpoint 
for 
the 
address 
given. 
Multiple 
breakpoints 
may be cleared 
by entering 
additional 
addresses, 
separated 
by 
the 
[NEXT/,] 
key. 
Com- 
mand terminated 
by pressing 
[END/.]. Action 
taken 
is to fill 
the appropriate 
breakpoint 
memory 
loca- 
tions 
with 
logical 
zeroes. 


Data types 
allowed: 


[PROG MEM] 


Display 
Response 
- 
"Pr." 


Function 
- 
Break on program 
memory 
fetch. 


Applies 
command 
to 
the 
program 
breakpoint 
memory 
space. 


[DATA 
MEM) 


Display 
Response 
- 
"dA." 


Function 
- 
Break on data memory 
access. 


Applies 
command 
to the external 
data 
breakpoint 
memory 
space. 


System 
Control 
Command 
Group 


Command: 


[SYS RSTJ 


Display 
Response 
- 
"HSE-49." 


Function 
- 
System 
reset. 


Reset both the MP and EP and clear all breakpoints 
(requires 
approximately 
one second). 
CAUTION 
- 
If reset 
while 
EP is executing 
the user's 
program, 
the low order section 
of program 
memory 
(about 23 
bytes) 
will 
be altered. 


In designing 
the HSE-49 emulator, 
certain 
compromises 
were made in an attempt 
to maximize 
the usefulness 
of 
the emulator 
while 
keeping 
the circuitry 
simple 
and in- 
expensive. 
As a result, 
the 
following 
limitations 
exist 
and must be taken 
into account 
when using 
the system. 


1. As explained 
in Section 
IV, user program 
execution 
is terminated 
(by single-stepping, 
breakpoints, 
press- 
ing 
the 
[END/.] 
key, 
etc.) 
by forcing 
the 
execution 
processor 
to 
execute 
a "CALL" 
instruction 
to 
the 
mini-monitor. 
This 
uses 
one 
level 
of 
the 
EP 
subroutine 
stack. 
The EP PSW reflects 
the value 
of 
the 
stack 
pointer 
after 
processing 
this 
CALL. 
As a 
result, 
the value indicated 
for stack 
depth 
by examin- 
ing the EP PSW (hardware 
register 
01) is one greater 
than the depth when the break was initiated. 
The user 
program 
must 
not be using 
all eight 
levels 
of stack 
when 
a break 
is initiated 
or the bottom 
level will 
be 
destroyed. 


2. User program 
is initiated 
(by the [GO) command 
or 
when 
resuming 
execution 
after 
a breakpoint, 
single- 
stepping, 
etc.) 
by 
forcing 
the 
EP 
to 
execute 
an 
"RETR" 
instruction. 
This 
will 
clear the EP interrupt- 
in-progress 
flip-flop. 
If the user program 
allows 
both 
external 
and 
timer 
interrupts 
to 
be enabled 
at the 
same 
time, 
care 
must 
be taken 
to avoid 
causing 
a 
break 
while 
the 
EP is within 
an interrupt 
servicing 
routine. 
No 
limitation 
is 
placed 
on 
breakpoints 
or 
single-stepping 
in the background 
program 
because 
of this. 


3. When the user program 
execution 
is terminated 
(by a 
break, 
single-stepping, 
etc.) 
and 
later 
resumed, 
the 
EP timer/counter 
is restored 
to its 
value 
when 
the 
break 
occurred 
(unless 
modified 
by the 
user). 
The 
prescaler, 
however, 
will have changed. 
Thus, up to 31 
machine 
cycles 
may be "lost" 
or "gained" 
if a break 
occurs 
while 
the timer 
is running. 


4. Timer 
interrupts 
occurring 
at the same time as an EP 
break 
may be ignored 
if the 
timer 
overflow 
occurs 
after 
breaking 
user 
program 
execution 
before 
the 
timer 
value 
is saved. 


5. The 8049 "RET" 
and "RETR" 
instructions 
are each 
1-byte, 2-cycle 
instructions. 
During 
the second 
cycle 
the 
byte 
following 
the 
return 
instruction 
is fetched 
and ignored. 
If a program 
breakpoint 
is set for a loca- 
tion following 
a "RET" 
or "RETR" 
instruction, 
a break 
will 
be initiated 
when 
the return 
is executed. 


inter 


6. Breakpoints 
should 
not be placed 
in the last 3 bytes 
of an EP memory 
bank (locations 
7FDH-7FFH 
and 
OFFDH-OFFFH). 
User program 
should 
not be single- 
stepped 
or auto-stepped 
through 
these 
locations. 


7. Since 
I/O configuration 
is determined 
by 
external 
hardware 
rather than software, 
I/O modes 
may not be 
altered 
while a program 
is executing. 
(See Section 
VII 


for further 
details.) 


8. The 
"ANL 
BUS,lInn" 
and 
"ORL 
BUS,lInn" 
instruc- 
tions 
may not be used in the user program, 
as exter- 


nal 
hardware 
cannot 
properly 
restore. 
these 
func· 


tions. 


9. The memory 
bank select 
flag 
is not affected 
by the 
user program 
break sequence. 
Upon resuming 
execu- 
tion 
with 
the [GO] command 
this 
flag will 
remain 
in 
the 
same 
state 
as before 
the 
preceding 
break. The 
flag 
may 
be 
cleared 
only 
by 
executing 
the 


[GO/RESET] 
or [SYS RST] commands. 


A number of control 
and status 
lines are available 
to the 
user. 
All 
are 
low-power 
Schottky 
TTL-compatible 
signals. 


TP1 - 
Unused 
MP input. 


TP2 - 
Unused 
MP output. 


TP3 - 
User program 
suspended. 
Low when 
EP run- 


ning 
user 
code. 
High 
when 
halted 
or running 
mini- 


monitors. 


TP4 - 
Breakpoint 
encountered. 
Normally 
low. High- 
level pulse generated 
when breakpoint 
passed. 
Useful 
for triggering 
logic 
analyzers, 
oscilloscopes, 
etc. 


TP5 & TP6 - 
Memory 
matrix 
mode 
control. 
Select 
program 
vs. data 
RAM, link 
mapping 
configuration, 
etc. (See Appendix 
B for details.) 


TP7 - 
Bus control. 
Low when 
MP controls 
common 
memory 
buses. 
High 
when 
EP 
controls 
memory 
buses. 


The HSE-49 emulator 
hardware 
is designed 
to allow 
the 
user to reconfigure 
the system 
for a wide variety 
of dif- 
ferent 
applications 
by 
installing 
or 
removing 
jumper 
wires or additional 
components. 
The schematics 
in Ap- 


pendix 
A show 
the components 
needed 
for a variety 
of 
different 
configurations. 
In 
general, 
not 
all 
of 
the 
devices 
are required 
(or allowed) 
for anyone 
configura- 
tion. The devices 
which 
are required 
are included 
in the 
following 
description. 


The 
types 
of 
options 
allowed 
are divided 
below 
into 
several 
general" classes 
and subdivided 
into 
mutually- 
independent 
features. 
Within 
some 
of 
these 
features 
there are numbered, 
mutually 
exclusive 
configurations; 
i.e., 
the 
serial 
interface 
(if 
desired) 
may 
use 
either 


current-loop 
or RS-232C current 
buffers, 
but not both at 
one time. 


Standard 
Operating 
Configuration 


(Minimum 
system 
configurations 
- 
up to 4K program 
RAM; no data 
RAM; no serial 
interfaces; 
no execution 
processor 
I/O reconstruction.) 


A. 
Basic 2K monitor 
from Appendix 
B: 


Install 
resistors 
R4- R6 
Install 
transistor 
01 
Install 
crystals 
Y1-Y2 
Install 
capacitors 
C5-C38 
Install 
switches 
S1-S33 
Install 
displays 
DS1-DS8 
Install 
IC1-IC2 
Install 
RP3-RP5 
Install 
IC6-IC7 
Install 
RP8 
InstalllC9 
Install 
IC15-IC20 
Install 
IC25-IC30 
Install 
IC34 
Install 
IC36-IC38 
Install 
A1-A2 
Install 
B1- B2 
Install 
C1-C3 
Install 
jumpers 
13-15 
Install 
jumpers 
17-18 
Install 
jumper 
20 


B. Expansion 
2K monitor: 


Install 
IC14 
Remove jumper 
17 


Serial 
Interface 
Buffer 
Selection 


A. Current 
loop 
serial 
interfaces 
(4N46s) 
installed 
for 


use 
with 
full 
Intelleclll 
Model 
800 
development 


system 
TTY port. 


Install 
iC21-IC22 
Install 
resistor 
R1-R3 
Install 
jumpers 
4-9 
(Remove 
RS-232 jumpers) 


B. RS-232C serial 
interfaces 
(MC1488 
and MC1489) 
in- 
stalled 
for 
use with 
CRT as output 
device 
for data 
dumps: 


Install 
IC23-IC24 
Install 
jumpers 
1-3 
Install 
jumpers 
10-11 
(Remove current-loop 
jumpers) 


External 
Data RAM Address 
Decoding 
Scheme 
for Ex- 


ecution 
Processor 


A. 
Up to 
16 pages 
of on-board 
external 
data 
RAM in- 
stalled 
for execution 
processor 
(addresses 
0 through 


OFFFH = 4K bytes); port 2 used for addressing pages 
o through 15: 


Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-B8 
Install C5-C8 


B. One page of on-board external data RAM installed 
for execution processor (addresses0 through OFFH); 
port 2 not used for data addressing: 


Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 
Connect the outputs of IC20,pins 7, 9,10, & 11to 
the inputs of a 74lS21 AND gate (not shown).Con- 
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schematics.) 


(1) Using P23-P20for latched output data (usedwith 
"OUll 
P2,A", 
"ANl 
P2,Hdata", and 
"ORl 
P2,Hdata"instructions): 


InstalllC31 


(2) Using P23-P20for interfacing to an 8243in user's 
prototype: 


Connect 03-00 
pins on IC31 socket to cor· 
responding 03-00 
pins. 


(1) Use of 
BUS as latched output 
port ("OUll 
BUS,A"): 


InstalllC32 
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14 ;***H**·'H.,·,·** t*,*~·"j~·**1'''~I***·'''~'i.'''**;'** t1'*t********_********** 
__ 


15 ; 
1(.; 
r(:S1 t."r;CT 


17, 
18 . 
1~, 
:H!S 
P~'(JjP'P,11 CONTiilN::: Tilt: StOWAR[ 
NCCE.SSAAI'10 Rill 
THl flSE·-49<TII) 
20 ' 
HIGH..SFU[' 
D1tJL~;TOF.'FOr- INllL'S 
r1;S-48<TM) 
f-fIl1ILI' HlIIILI' 
(f MICROWf'UllRS. 
~1 ' 
;1·:[ n~_'li'TGIl l'fIOVlrC 
tiN f)S~:jl(rl'[~lor 
UTILIT'.' 
FUNCllONS fOl< 


22 ' 
,'{VEL,)rlNJ:; fJ-ID [Jl8L~.£ING 3t14~' B~X[) 
I~PrLICflI IONS, 
INCLOOING TIlE 
'l~;~ r",' 
TO [tjT[[: 
.)'j[, "IlJ(:.!r\, 
F'ROrJF.:Af'i~ ItI rROf';;m'l RAil, 
,~4 ' IrcTE~ r,:;n. 
:PIG'.l-SiEr 
:'ECTlLt-lS UF A PRtujRAM. flND EX[CU1l 
P~P.l1!> 


2~ 
f;T SPEEr·::: 'Jf 
1)1' '0 
1: 
~H:, 
LJIH: I)! Wi"HOU~ 8R£fiKPOINTS ltllIDl.ED. 
~(. . 
l!lE [t'11JLillOr' l:~ D[S~Rll:f[, 
(N "rmm' 
lJEf'TH IN INTEL'S 
t1PrUWTIc.l 
NOTE 


~7 
np--~,5 
'F; HIGH· SPEEr, EMlJLRHlF fOr. 
Itf!EL 
r~:,,-4S(TM) 
MICI<()(J]lPIJHJiS .• 


~g . 


;t.<, 
P~'QGPfirl 
(J'l't.tll ZHTI ')N 


313; 
'::==:::=== 
=-=========== 


:NTROV!J(T!O'j iJN(i RfI/lD:4f:REi)'I"ERVIEIoI, 
'..n'Ifl~:LE 
[;ECLP.Rf:1;oN t"N) DErIN ITI ON; 


~'JlJEr·aN 
S','SWl 
WITH1LIZllTION; 


If!:';'IJOf)Pf' COMMliflDf'Hf'5ER tiN() AS9JClf;TEl; 
TfUE!>; 


pnE:-iE',TilTIr.,rlS 
or 
T:{E r~:II'IAR'I' CO/'IIlANDS, 
~'f:TH "CC~~~lflG 
'.!flLlT'T' 
~·I.iCJ.:l)l)TINlSIJS£D nIROUGIIOJT; 
!'EI'BQr.kr. ::('lNNmj 
fW 
vISi'I.R't' 
[iF:I'1!tfJ 
J,JEROIJI IN[; 


I"r','l)('(lk::, GNP: Isru;" 
itHERi'I'lCING IJTlLIlIES; 
~'(lI.IWIES11J1) UTlLlTv 
::Ulf'OUTINES IoIfIIClI INT[Ilf(;T 
BLT~[N 
HI' All) lP. 


4~ 
~1 
4i . 


4?- 


44 
4'; t~J[CT 


4(.; 


,p 
:11T~'()()lXTION fKJ 
~ 
O'f'lJ1VIBl 


48, 
=========== 
== ======= 
:::::::== 
49 : 


'56; 
11£ DnA11l1 
rJESIGN ,-as Till 
HICI1(fI\'OCESs:JR$. 
Il£ 
PROCESsal 
camas 
51 
; 5\"0TEI1 ;Tlln.l5· 
IPlTERF'RET~ ~IT(l: 
ctl1IfH)S, 
fN) 
~ICAllS 
~; 
WITH TIt: (~.ITSIDE IalD 
TIf«lXi!l 
11£ IJHM1> Kf.'rIDfll), 
DI~'ltlY, 
~lf\. 


51; 
Ilfrm-AC''[S, 
fOllTROt. :·1GM':l3. 
eTC. 


54 
. Ii SWH 
Pr;-iXCS~ 
IS L'SQ 
TO flCTI."'ILLY 
~5 ; EXECUTE T!lE IJ:>lI1'S PRtJ"JR/ltl UllDER M 
wma 
(J TIE FII<~T. 


'S6 : TlIE'i[ 
P~'OtESSOI"5 r~ 
RErERRED TO 
5;' 
; TlIROIJGI·IOUTTHIS Pro'.lRAl'I flS Tf£ 
I1ASTEIi mJX55~ (tI') 
ANI? EX£WllON 


':is : l'Io'OCEssor 
([1'\ PE'·f'[CTIvrU'. 


')~ 
, 


~~; 
mE 
~POGR811 iN THIS LISTING 
IS EXlCU1ELJ L'\' 111. 116TER F'ROCbSG<. 


61 
' 
AT Tlf\:. or, OF TIllS 
LISTING 
fl.-[ 
S-lvrJU 
~lIOnT "HINHONIlIl1 
1MRlf1\'S" 


~, 
IollUrH '!l[ [~1C/JTION 
PROC[5SOF EXESUTES IoiI£N INTEROCllON b'ETloEEN lilt 


(O?; 
1WOPPOClS50P5 
is 
tllT[:,5f~Y 
64 ; 


6~" 
!IllS 
ProGRilM WAS IlPITTEN USING A PUaR 
or 
1f1(~~ 
TO 1fIN)L[' ilL ALLOCflTilll 
6& ; 'f- !'PJ 
~'£SI)fJPCES (Wi~II1KINGREGISTERS., 
INTE~'lfil. 
~'A1'I, flNl) I'fP rOH'(1l1 I\'(l1 
67 
: r()j:' sar,E 
PoND DRTA STlJRnGD 
Tf£5[ 
1'lflCI..'ODEFINITION~ 
~E 
INCLWlD 
IN A tiLE 


6!J ; NAMED'ALLCC I'1PoC·' 
flit) 
ilRE WHITED 
IN na5 
L1STiMi 
f(J' Rm:RENCE. 


G9 . IlNOTI(R 
SET OF M!lCFII)S15 It<;ED 10 SIHf'LI;:'/ 
THE liCCES~ING OF ~IfltES 


fa ' STl)I:[D 
IN INTERIR 
r.'i1l'l (flS fJ'PO',,[D 
TO WfJ't:ING ~:E(;I~TEk~) 
L'Y USING 1\'1 TO 


71 
. 
INDIRCCTL? fIDD~,[SS TIlE HPF'Rf.J'RIrlTE ~'1lH UXilTlfJl 
lI£N 
N£ClSSARY. 


72 
. 11il:.SE PIP,u'05 ARE INCLUDED IN "l'O'Cor, me", 
fill) 
WE il.50 
PRINTlD 
1m. 


.'3 ; COMPlETE ltJDlJ'5Tl1IlDlflG 
or 
THESE HACfI()~ IS ~T 
REQUIRED TO lKilRSTfN> 
11£ 
,4 , IIOIHTr:l' rFCffR. 
fU 
LIlIES ioIlllW RCTlIALL\' f'ROOUC[ OBJECT i,;OOE rf~ 
IN 


75 
Th'[ LISTING 
ITSELf. 
INDENTED 00 SF'r.CES r!<Ol'l THE I()RIfl. 
nllU..A'IIfJl 
ctllJl6. 


;'6 
; lflE 
IlCTlJll. 
,tJW';OI1 
PROOR!lI'lror 
TIlE cl1!.lill~ 
OCGINS m 
~1'F'~'OXll'IAlm' 
n : SCC.lRCE L 1/£ 
tlJl'1EU 
'500, 


rCl 
' 
,9 ; LiliES 
GEtlErnTEr, 
Il\' I1flCR(t EXPilNSll»! 
If<[ fLRGf£D 
C'1' A "LUS SI~ 
('+') 
f.'0 . 
IMDIATEL'I 
FOLLOIiItf3 THE :-.omr.l. 
L1t1. IUlIIER 


81 , 
A M,il'KR 
OF Wl:':. FPOI'l 11:£ I/f:RIOOS I'lOCROocr INITIONS 
WlIICH 00 1«)1 
32 ; 
PPO[>lJ('E IlI-t,' OCKCr 
('ODf ARE PROCESSED 8'1' THE ASSEIRER 


8? 
. 
ft:. TI£S[ 
r'f';CF'I)S me 
EXI'f'H)lD 
WIlEN THIS 
I~ TfIl CAS£, 
HEE 
LIlES 
FM:: 
84 ; 
~WF'f.'ESSED FROI1 HIE LIST 
rILE. 
(is 
"1 RE$UL1, 
'11£ LIIE 
IUIi'ERS 
M 


GS ; N01 fllWA','S WNSECUTIVE IH:F'E 
r: MRfRO IS BEING IN'vU:lD. 


!)( , ~TE: 


eEl ; 
&1; 
'SO..lRC[-LINE" 
REFERS TO Tll 
DfWlf:L 
IUl:(RS 
LEfT 
(J' tfUi 
INSTROCTIlIl. 


90; 
IlT TIlE END or 
TIll LISTING 
IS fIN n~.s::.I1£Jl\' CkOSS··REFERENC( TAIlLE. IIt>IUlIING 
~11 ; lIlE SEIHNTInL 
~,()I.m-UNE 
NUMBEI<OF ALL INSHlI¥'.£S 
WHIJ<EfIN VARIfRE 


92 
; 
IS lJEFlI£D 
OF.'REFEREOCED. 
'tHIS 
WILL BE or 
GRlAT ilS51SIAIU 
IN 


9:< ; LOCfl11NG ~.pECIFIC 
~.lIBRQUTlNE:;, ETC 
IN HIE LISTlffi 
~l4 . 


95 
. IlIEl'tONIC:; COF",'RICHT /C) 
1976 
INTEL CffiF'ORflTIfll 
%; 


97 $EJECT 


intJ 


98$ 
~ 
?l11 
= 100 ; 


= 191 ','RB9 
EQtJ 


= 10211111 
EQtJ 


= 1':13 ?Rfl!'l 
EQlJ 


= 104 ''CON'~T [QIJ 
= 1fJ5~R 
[00 


= 1% , 
= 197 
, THE rOLLl.lIIII¥.i 
INIl IPUZES 
TIl[ 
LINKE!> LIST 
rOIN1(J(S 
r(J( 
= 100 
; THE REGISTER 
AlLOCATIOIl 
HI{) DEf1LLOCf;TIlJl 
~:OUTIIi:S. 


= 199 ; 


= 119?00R2 
SET 
= 11~?Cl.!R3 5£; 
= 112 ~'WR4 
=lB'~ 
= 114 ~13l3P6 
= 115 "B9R7 


= 116 . 


= 11??WPNT 
~U 
= 11!) ; 


= 119 ~l[;lR2 


= 129 131R3 
= 121 
?S1f<4 
= 122 
'.'E11<5 


= 123 "a1RG 
= 124 ?B11<1 


= 125 ; 
= 121) ?SlPNT 
SET 


= 127 ' 
= 128 
0RGI'G9 
SET 


= 129 0I:GPG1 SEl 
= 139 ORGl'G2 
SET 
= m 0I<GI'G3 
~u 
= 132 0RGf't4 
:;olT 


= m 
1JRGf'G5 
SE1 


SET 
= 134 
ORGPG6 


= 115 0I1Ci'G7 
~T 
= 1](, , 


= 137 $EKeT 


INCLiJI'{(FO.P.LLOC. 
PlAC) 


:;n 
(I 


99l!H 
1001! 
2tl9I1 
J9ltj 


499H 


50011 


bOOH 
,'9911 


= nu ,t~'~,~"l,************-l'***********'1-*****l'***********-**- 
= 139 : 
= 140 ; 
= 141 ; 


= 142 ",,-******.*-*********************.******'l<_"***_*.***** 
= 14] ; 


= 144 711%'[ 
= 145 IF 
=146 


= 147 
= 14(: ErlllF 
= 149 $ 
SIM 
GOl 
= 150 
S\'I'lOO..SET 
R&f'NTYfl. 


= 151 
$ 
RESTORE 
= 152 "!l![:I1If(&PtlT 


= 15? 
[1«1 
= 154 .. 


= 155 ; 


= 156 ',1'III«>X SET 
= 157 ; 
= 1SS ?f'r~ 
= 159 $ 
=168 
= 161 $ 
= 162 ?1'lINDX 
= U;3 
Et(lM 


= H4 
' 


= 165 Mf)lOCK 
IflCRO 


= 1G6 ?~"'I'1BOl 
= 167 
m:;R\IE 
= 1GC ENlIl 
= 169 ; 
= 179 
OCClflRE Ilf:CRO 
$\'11101., TYf'l 
= 171 ~'&SY1tlOl 
SET 
'1&1\'1'[ 


= 172 
IF 
?&fr'1'[ EQ 2 
= 173 
',1f.jR\IE 5'r':I)(l, L ??1'lINDX 


= 1/4 
EXITH 
= 175 OOIF 
= 17(; IF 
=177 


=171:) 


= 179 lID IF 
= 100 JF 
= lBl 
= 1£:2 


= 183 
ENl>lf 
= 134 
= W5. 
= 1(:6 $ 


lUW 
~.vI(l(W_'BIN(, PNTYll. 


f'NT't'11l 
ltJ 13 
[Rrfj;' 
2 
r~J'f1'l 


Mf'.cm 
SYltn. 
LENGTltfIODR 


SINE 
li£N 
SI'I'IOO.. [QI) 
f{)DR 
RESTORE 
SET 
~l'III«>XjLENGTH 


S\'IGL LOOTII 
EIlI) 
3 
S\'II](L LENGTH.??pIII«>X 


"&WIT 
EQ 9 
?f6/W[ 
S'r'IIlOl, 9. ??E9F'NT 
EXITH 


?&T\'P[ 
[Q 1 


?RC".,/w[ 
S\'IIn. 
L f.JIl1PNT 


EXITH 


= 1~ 
; P.C~G 
IlRCRO TO RESET TI£ 
INS1RtXTHNl 
LOCflTIOH ~Tl~ 
= 1G:: ; 
TO TI£ 
rII6T 
FilII. 
LOCflTloo 
00 TIlE FIRST PffiE 1lOOll[ 
WILL 
= 199 
.; 
FIT 
WIlHm 
= 191 ~:r:r:J"J 
IlACro 
LOCJ1Tl ON 
= 1n 
f.SAYEGal 


= 193 
ORe 
= 194 m:$TorE 


= 1')'5 
ENDI! 
= 196, 
= 197 
; COfnll_K 
I'FtCRO TO FIND n f'FlG[ 
or 
I\1)l 
= 1913 ; 
lIlICIi 
THIS BU)".% 
or 
ceoc 
WILL FI1 
WITHIN 
= 1')') 
COOCIlIJ' 
IlI"lCFO 
LEI«lTH 


= 200 'tEfM;Ttj 5[1 
W¥'lTfl 
= ;'01 
IF 
llIGW~.i0+W¥JTIH) 
[Q 9 


= ~'e2 
R[ORG 
r.0P1JPG0 


= 203 ~Flf'T 
S~l 
$ 
= 294 E>:ITM 
= ~\t~Pl[ol ~ 


= 20" IF 


= 20C ':'SHIPT 


= m [XITM 


= 21e [NDIf 
= 211 IF 


= 212 
= 213 ~STAPT 
= 214 
[XITM 
= 215 [Pll)}F 


= 211:' IF 


= 217 
= 21f; "$TRI"T 
= 219 
[XIT11 
= 2t:e [P{lIF 


= 221 IF 
= 222 


= 22:> ?START 


= 224 D<ITM 
= 225 ENt'II" 
= 22~ IF 
= 227 
= 2'&1 ?STRF'T 


= 229 G(lT!1 


= 2:0 
EllDIF 
= 2:.'1 If 
= 232 
= 233 
"STARl 
= 234 EXITM 


= n~EIIDII 


= 2:6 IF 


= 237 
= 2:sB 
"i':-TAfn 


= 239 EXITM 
= ~:4ll [N()IF 


= 241 


f:Ilil<OOf,f'u1 {LU¥JTII-1) 
~Q 1 


f:t:lJl/G 
r.ORGf'Gl 


'1:T 
$ 


fII G/Wl<t1'G2+l[I¥JTH·1) 
(Q 2 
~,(OPG 
f.ORGPG2 
~:[T 
t 


fIIGH«(YJ'(J4iLENGTI:-1) 
[Q 4 
k'lfl1G 
r.orGPG4 
5[T 
t 


IflGH(IMJPG51LU¥JTIH) 
EQ 5 
~ORG 
f.ORGf'G5 


SlT 


IHGlI(~GP"..6iLEtfJTH-ll 
EQ G 
1I[fl1G 
;roJ;:Gf'G6 
~u 
$ 


IHGIHORGI'G7iL[l¥JTH-1) 
EQ 7 
k1:ORG 
i:oRGPG7 


SET 
$ 


IHGlI«(l1f.a"G3+LEtfJTH-1) 
[Q 3 
RHJRG 
%Lm'G3 
5lT 
$ 


= 242 
lNDll 
= 243 ,l>f'TABlK 
IN"BTS 
l.1lTO PAGE 3 


= 244 DATIRK 
IlACm 
LENJTII 


= 245 "lEMlTH 
SET 
LEMllH 
= 246 
IF 
HIGlH~GPG3~LEMlTH-1) 
EQ 3 
= 247 
R[~ 
1'.oRG'G3 
= 248 
?STAPT 
~T 
~ 
= 249 EXITI1 
= 25tl [~IF 


= <.'51 
ERROR 
8 
; *** 
INSLfFICIENT 
SPOCE FeJ: OOTR IlLOCK l.1l PfU: j *** 
= ~2 
[NDIl 
= ~3 
; ?SIZE 
PRINTS A L11£ 
TO liE SllE£ 
rILE 
CiIYIMl BLOCK~12E.0 
= 2S4 
; 
AN) LrDflTE!; ~IATE 
~ 


= 25S ?SIZE 
I'IACRO 
BLK.rGE 
= 2"',,6 
f'.l1YE 
GEN 
= 25i' 
SIZE 
~T 
ELK 


= 2'5~ ; *~,o~t***¥*******************************"'****_*** 
__ 
= 260 
Ir 
?LENGTII LT SIZE 


= 261 
E"'ROR 
e 


= 262 ENDIF 
= 2n 
IF 


= 264 
= 265 ENDI!' 
= 266 $RE!;")OR( 
=26io~ 


= 2fB 
~NDM 
" 2(;9; 
SIZECllK 
= 278 SIZEClIf( I'IfICRO 
= 271 
~'S1Zf 
%(~·?STflRn, 
i)IIGH(?SH11H> 
= 272 
ElJJI'I 
= 271 ; 
= 274 
; 


= 215 ; "'SI:U1CE 
= 276 RSOO<Cf I'IACro 
= 277 SSA'JE LIST GlN 
= 278 
PGSIZE 
!;[T 
= 279 
P&"SIZE 
SET 
= 200 
PGSIZE 
~.£T 
= 281 
PGSIZE 
SEl 
= 282 
f'GSIZE 
SET 
= 283 
PGSIZL 
XT 
= 284 
PGSIZE 
SET 
= 285 
rGSIZE 
SEo, 
= 286 $EJECT 
= 287 
SRESTORE 
= 2(:{: 
ENDI'l 


= 289 
S1:JECT 


tHGW$-1) 
r£ IHGlI(?STfVm 
~RR~ 
€I 
; *** COOl: ~ 
DflTn BLOCK R(UED 
0YtR f'OO[ 
~o 
*** 


~.i'Ull-llOOIl 


tl'fjPG1-180H 
1J..'GI'G2-28lll 


ORGPG3-390H 
ORGPG449l.lH 


ORGPG5-SOOH 
ORGPG6.GOOf-: 


0RGf'Gi'. 78llH 


, BVl [5 
1)<...1])ON PAGE 9 


; L'YTES 
I)<..E) 
ON f'OOE 
1 


; L"l'TES USED ON Pffi( 
2 


; BYTES lr;.oED ON f'AGE 3 


; EVTES USED ON PAGE 4 
; lJVTES U'.1(1) ON PftGI: 5 


; BVTLS W.>EDON f'OOl 
6 
; IJVTES If;;[~ON Pf:GE 7 


• 


inter 


= 317 ; 
= 318 ;?f-mtl2 
IKRO 
FlJI lD£RAllZII«i 
I«M::S ~RtI'l TI£ 00; 
10 R YflI:IfB.I: 
= 319?f~ 
IKkO 
DES) 
= 328 IF 
?&OEST EQ 2 
= 321 S 
SA'J[ GEN 
= 322 
I10V 
= 323 
I10V 
= 324 S 
~:ESTORE 
= 32S 
[XITII 
= 326 EIl)IF 
= 327 
IF 
= 32lJ S 
= 329 
= 338 S 
= 331 
= 332 OOIF 
= 333 
= 334 [1{lf1 
= 335 .; 


= 336 ;?F1MC IfOO 
= 337 ; 
= IlS ; 
=:$39 ?f~ 
= 3'"1 IF 
= 341 f 
= 342 
= 341 S 
= 344 


2ge ; 
291 S 
= 292 ; 
= 293 ;?FlJlII1 
If(R() 
= 294 ; 
= 2'.15 ?flJlll1 
= 2% IF 
= 297 S 
= 298 
=29S 
=380S 
= 301 
= 3112 EIIlIF 
= 30:> IF 
=3@4S 
= 385 
=386S 
= 387 
= 300 [Il)IF 
= 389 IF 
= 310 S 
= 311 
= 312 S 


= 313 
= 314 OOIF 
= 315 
= 316 EII>Il 


IRRO 
(J'COO(,Si':C 
?&SRC [Q 2 


SP.YE G£N 
00/ 
lrolOE 


RCSTORE 


EXIT" 


?&SRC EQ 0 (JI ?&SRC [Q 1 


SAYE GEN 


Cf'COOE 
kESTlJ:E 
EXITII 


?&SRC IOQ3 
SflII( GEN 


lX'COOE 
kl:STlJ:E 


EXIl" 


~, IIllST 
@R1,A 


?&DEST EQ 0 (JI ?&OEST [Q 1 
!;/lY[ GEN 


110\1 
~t51(J;'r 
EXITII 


F(JI G£hERfl.IZINJ 
IlQ\I[S F~'OII TIE OCC TO R I/fIlIFIl.E 
lI£N 
IT IS I(IOfl TI'JlT 111 <II- IfiDEI) 
f(l( 
11l)1f,'ECT fl)l)R[SSII«i) 
IS fl.R[OOV 
Pl\ESl 1. 


Ifn'O 
DEST 
?&OC~T [Q 2 
SflY[ GlN 


"Oy 
kEST(JI[ 


EXIl" 


= 345 [t{)IF 
= 346 
Ir 
?&J)£5T [Q 0 OR ?&J)£ST HI 1 
= 347 S 
So1\'£:GEN 
= 348 
~ 
DEST,fl 


= 349 
S 
~'ESTORE 


= 350 
[XIl" 
= 351 El()lr 
= 352 
[!<ROR 
1 
= :s53 EI{)Il 


= 354 , 
= 355 ;?f0Rl'l4 Plao 
rf]/ GEI6fl.IZI 
••• 'PKJ'~ fl,)RC' 
INSTROCTIlIl 


= 35€-?f~ 
~ 
Sl<:C 


= 351 
IF 
?&SRC EQ 2 
= ,,'S8 S 
~VE GEN 
= ~l59 
If)'t' 
R1,Y-~<C 
= 3613 
~V 
A,~1 
= 361 S 
1I[51OR[ 
= 362 
EXlll'I 
= 363 EN1)Jr 
= 364 
Ir 
?&SRC EQ 9 OR ?&SRC [Q 1 
= 3(.~, S 
SRVEGEN 
= 366 
110',' 
A,~t 


= 367 S 
[<'ESTORE 
= 361:) 
EXlTI'I 


= 3C9 [tlllF 


= 370 
Ir 
?&SI\C [Q 3 


= 371 S 
SAVEGlN 
= 372 
I10V 
R. IC...RC 


= 373 t 
RESTM 
= 374 
EXIT" 
= 3~, [1f)1I 
= 37[, 
l~ 
1 


= 377 
EtrJPt 


= 378 ; 
= 379 ;?ff]11'15 I'KRO 
Ft11 GEI£RflIZIII} 
I'IOI/ING Ii lWSTflNT INIO A 'M:lfa..E 


= :AAl"Jf!»l5 
PI1CI<O 
OCST,COtM 


= 3S1 
IF 
?&J)£ST EQ 0 OR ?&DE5T [Q 1 OR ?&DlS1 
EQ 4 


= 3l}2 S 
SAVEGEN 
= 383 
/'IO't' 
= 384 
: 
RESTORE 


= 335 
EXIT" 
= 3BG ENDIF 


= 387 IF 


=3BSt 


= 3C9 
= 399 


= 391 S 
= 392 
= m [ti)IF 


= 394 
= 3'.15 [NDI\ 


= 3% ; 


= 397 
; IlIlOV 
= 398 I'I()V 
= 399 IF 


?&OCST [Q 2 


SfWE GEN 
!'UN 


I'IOV 


RESTORE 


EXIT'" 


R1, tl)EST 
~1,tcotl5T 


IlOCRO 
GEIlIJ..'flLIZED!'lOVE 
FRaI 
~ 
TO OCST 


IlOCRO 
DEST, SRC 
?&$RC [Q 3 


= 400 


= 401 
= 402 UlOIF 
= 4lil3 IF 


= 4114 


= 405 
= 40(: ENDIF 


= 437 IF 
= 4lJB 
= 4(1'} 


= 410 
EUOlr 


= 411 


= 412 
= 413 [NOM 
= 414 
,"'BINO!' 
rlRCm 
GENERAlIZES 
HRllllMETlC 
fH) 
LOGIcr.L 
UPEI\1lTIONS 


= 415'BlNOf' 
MACRO 
Of'COOL Dl:5T. SRC 
= 416 If 
'&0[5T 
~Q 4 


= 411 
TORMl 
Of'COOL SRf 


= 41G 
D~!TM 


= 419 DlDrF 


= 420 
If 
:: 4'21 


= 422 
= 424 UIDIF 


= 425 
= 426 


= 427 


= 428 ENe/'l 
= 429 
; MftDD 


= 430 MAW 


= 431 


= 432 


= 43:S 
= 434 
: MflWC 
= 43'5 
Mf1[){)C 


= 436 


= 437 


= 4~'9 ,MftNL 
= 44l:.'t I'IANL 


= 441 


= 442 


= 443: 


= 444 
: 110RL 


= 445 
MORL 
= 446 


= 447 
= 448 
, 


= 449 ,MXrt 


= 45@ MXRL 


= 451 


= 452 


= 453 
j 


)FQm5 
vEST.. ~.R(; 


~:{l TM 


~'.~DEST EQ 4 


~n)RM1 
1'I0V" SRC 


EXITM 


~&SI1C EQ 4 
10R1'I2 
Dl:ST 


EXITM 


?fORM1 
PlOY,SRC 


"!FORM2 
DtSf 


'\~SRC [Q 4 


','F ORl'll 
OPCOOE.OEST 


''1Ol<i'C 
ll(ST 
[XllM 


"FORi'll 
1'I0V, Sk'C 


"FORi'll 
Of'COOE, DEST 


TORI'G 
DEST 


MACRO 
lOR 
GEI£RAlIZING 
noo INSfRUC1I(Jj 
MfleRO 
lIEST. SRC 


"BlNOr 
noL', DEST, SRC 


HlDM 


I'lflCRO 


/'IACRO 
''CINfJr 


[NOM 


FOR GENERftll2lNG 
flOOC INSTRUCTION 


[I[ST. 
SI<:C 


flOOC.Dbf, 
SRC 


MACRO 


MkCRO 


?BINOF' 


[NOM 


f(jf:' 
GENERf'.l.IZING 
flNL INSTl\iJCTlON 


[)E~:T, SRC 
fiN/.., DEST.. 5RC 


MfltRO 


I'IIlCRO 
"BINOr- 


ENDM 


FOR GENERALIZING 
ORL INSTJ.:UCTlON 
£:o[ST. SRC 


ORL, I)[ST,. 5RC 


MfO'O 


I'IIlCRO 
'''CINor 


[NOM 


FOR GENERAlIZING 
XRL INsmJCTlON 
DE5T, :oRC 


XRL OEST, SRC 


LOC 
OCJ 
LIlt: 
~ 
~lfHEl£Nl 


= 455 I'lXCH 
If:CRO 
OCST,Sli:C 


= 456 
'?BINIl' 
XCH.•OCST,SRC 
= 45"1 
00II 
= 4~, 
= 459~' 
/'KRO 
lKOO£,DL~ 


= 460 
'/FORPI1 tI)Y, OCST 


= 461 $<".JlYEGEN 


= 462 
lroJDE 
A 
= 463 ~STIllE 
= 4fA 
')F~3 
OCST 


= 46'5 
00II 
• 


= 466 , 
= 461' MIl«: 
PlACRO 
[)(ST 


= 468 
?l~ 
INC, DIOST 
= 46~ 
[HIm 


= 478 ; 
= 41'1 Il'.{C 
IKRO 
OCSl 
= 472 
"ltlARy 
DEC,DEST 
=473 
[M)M 
= 474 ; 
= 475 '()JHZ 
PWVW 
DEST,~ 
= 476 
~' 
DEC,()(ST 


= 47"1 SSAVE GEN 
= 47B 
JHZ 
~ 
= 479 m:STORE 
= 488 
0011 
= 481 ; 
= 482 I1I1l. 
"'(;pO 
DEST 
= 4S3 
?\.HlRy 
RLDEST 
= 4S4 
ENDI'I 
= 4S5 i 
= 4::'.6 I'IRF 
!f1CRO 
DEST 
= 43/ 
~' 
[<R, DEST 
= 488 
ENDrI 
= 4S9 ; 
= 491:1t'FRC 
1fn'O 
DEST 
= 4~ 
?\..m'Y 
~,[)[Sl 


=492 
ENDI'I 
= 493 ; 
= 494 MRLC 
I'flCRO 
DlST 
=49'5 
~ 
RLC,DlST 
=496 
ENDI'I 
= 497 ; 
= 498 $[.JECT 


inter 


499 .' 
509 ,====--=================------------------------ 
~ 
,=================================--=========== 
502 
, 
IlEGINNIMl 
Of f'IDJRftI't KWEk 


583 ; =============================== 
584 .;============================--= 


'5ll'5 
; 


'Jl.l6 
' 


587 .;*•••**t.",*.*.****.**.** •••**••**_*****.~,***********,,***** 
588 , 


599 ; 
518 ; 


511 ,*****>I*.",**i't********.**.*"'''*******.**••*_* ••******~'***. 
512 
; 
51:5 ; 


:>14 ; 
515 .: 
516 .: 


517 
N>IGIT 
mu 


518 
rsEGHI 
mu 
519 
1'5EG.0 
£.i.lU 


528 
P INN.!l 
EQtI 
521 , 


522 ,.**••••• *******************.****"'••***_ 
••*************** 
523 .: 
524 ; 


~.: 


526 ;*",********",********-'l-*******"*_.*'~***"_**********.**** 


; lJ'"..£DF& 
ClDl~CTJ(HL 
fllU.iSS 
AN> OHTA 1RfWSF[~ 


; USED AS INDIYIDlU 
C!»HROl 
OUTf'UT~ RNi BREAK LOGIC 


.:Ill,* l~R 
Al)()ll[SS 
t'lN) flDI)RlS5 
~ 
SELEG110N 


,IUD 
TO ENABLE CIflRr.CTERS fN1 
ST~OBE mIlS 
If 
I(~ 


.' tr:k.D 10 TlJ:H ON III SlGl£Nl 
~ or ClJ.:RENlLY EIftlED 
DWIT 
,!WT 
rOF LMII 
FIlJR SEGlt:N15 


,~T 
tlSED 10 SCfIl 
rlJ' 
KEY CL05lI<E5 


1)27 
; 


8891 
528l~ 
[Qt., 
ooooooel[1 
; 1'18 - III ENOOLES BREnK ON Br<ERKRfIl OUTPU'I SIlNl. 


0002 
529 ENBLNK 
WlJ 
00IJ0081~ 
; I'll 
- HI ENffiL[S 
C/<EAKON RD OR ~ 
TO LI NK C\' EP 
s::.e 
(NOl [ 
Pit 
& f'llJ 
801 H fIl ENA8l.ES 


531 
MfIK 
ON 'IN'.' [I' 
INSTRUCTION CYCLD 
9004 
532 
EPS5TP 
EQlJ 
988OO1l.!OO 
,1'12 
- LO FORCES EP SS Ilf1JT 
Lc.L 
51, 
HI (jUTES iJf((fI(['OINl 
I·LIP-FLl» 
TO Ef' S5 
IPfllT 


llOO8 
5:54 Cl.~ 
EQU 
00ll!1.0000 
.'1'13 .. LO CLE~ 
BREfIK fUP-FLOP 
535 
FiND [NAIllES 
WR CONH:OC. TO BRERKPOINT RfII. 


0019 
536 
EPRSET 
[QU 
900100900 
; 1'14 - HI PE5ET5 
EF' 
0029 
537 I1ODOUT [QU 
00l00e00B 
..1'15 - Lli IoI£N [ll IS EXECU1ING l.I5ER f'ROGkAI'L 


538 
III HN 
EP FROZEN (1/ RUNNIt«l 0VE~'Lfl't'5 
0048 
539 
lTVOUT 
EQU 
91900000O 
,P1C 
.. SERIfl. 
OUTl'UT TO n',' OR CRT 
548 
;1'17 
L.'JXD 
541 
.: 


542 SEJECT 


inter 


~43 ;"'*~~U*****.~· 
H*""'~"*****"-***~***"***'***••~'*.********"''''* 
544 : 
~,45, 
~46 ' 


547 .*.**.***"N*.'****.**'*'~.*·~*'.*~* 
I.••***~"***.'**~"****"** 
54G ' 
':Wi. 


::>58 ' 
551 /'Ie 
lOlJ 


5S2 Pl1 
£:'1)1-' 


5'53 If'USEL 
[QIJ 
554 
~5 
EXl'PrJN mu 
55!) 
55;' , 


S::>8 ; 


55!1 ; WIlEN If' 
IN CONTi<'OLor 
MEI'IOI<'\'I'IRTRIX 1'l1-l10 USED ns rOl.LOWS 
~0 
.: 


~061 ; 


562 
' 
563 .: 
564 ; 
565 ; 
566 ' 
567 
:lUN 
EF' IN CONTRQL or 
MAn' I x 1'l1-I10 USE:> f:S FctLOWS 
561): 


'569 
' 
570 
: 
SI1 .: 
572 , 


573 ' 
574 ' 


::>75 
' 
576$(.J~CT 


: P24 
.. IlEI1ffiV I1lTRIX 
crJlTRtl. 
PIN 
0 


,P~5 
- 
11EJ'lOI'1~'MATRIX CCNH<ll 
PIN 
1 


; fYl6 - HIGH loIIEII Plf' IN LllNlf<OL or 
(;0/t0l 
II:PI ff1RA'r'. 


L~ 
WIlEN EP IN COOROI.. 


,P27 
.. JI.N'ERED 
TO GI<:rl.JNDFOR STflN.lARD ~IlIJ<, 


fli.mH'l 
IKN 
D.'Pf~610N 
rUHlOR 
PRESENT. 


"1110 
o 
(t 
o 
1 
1 
X 


1'1(1)( 


t'l\OGRflM RAPl ARRRV ENfUED 
HlR READ & WRITE 


DAHl 
RAI'l A~Y 
~NABLED 
FOR F.'lf:v 
& WkITE 


LINK REGIST£:.R [~LD 
FOR READ, 
RAIl flI!RR'l'S DlSffllD. 


,NOTE 
LIN/( 
REGISTEF.' ftllolr.'lS 
ENfiIsLLD F()I( I'IP WRIlE:.~) 


I'1(lD( 


r:.p f'S~N 
rUCHES 
rROt! Uhl( 
~-:;GJ:, TEf: (USED 10 
flEE 
CftooES) 


EP PSEN FETCI£S 
rRc.1 
f'ROGI<'fiI'IRflr. ARRAY, 


EP RD ~ WR CONTROl. [iflTA RfV'l I~il\' 


EP PSEtl 
rErClftS 
rRt1l'l PROGRRI1 Rfil'l flFRf1\'. 


rt 
& WII CONT~ 
LINK REGI~TEi1. 


578 ,.(.~:**'.~~.+:*.fc .•..~:*:•.• ~:~:*.•.:+:·u::fo::4.***:4:***'U*******:+:t.;,f:************.**. 
57~ 
)8~ 
S'.'STE~ C~~·TRllT 
[UIIlITION'J 
5t:1. 
')82 ....;t.•.. h{ 
·•.:+:t·~lq."+·"". +:l/::t.:(c;c:U'·( i:*••******.*:t·;(:tlU*,.*.: 
••..• "'•.*~:*;C:*•.***:t. 


583 . 
)84 
[)ECLr.f,£ CHnrNO. CONST 


,91:: 
CHARNO ElJlJ 
'5'l:~ . 


GOO rHlflPE 
NecC .. I)JIl5T 


614 
NCOLS 
EQIJ 


. LljSE~' 
rJIPlEN5IOO or 
KE\'BJ)Al..'l)~TldX 


4 
~15 . 
t;l( 
['o[(Lll1<'E r,ECln. 
C~5T 
.I~JME:EI<'or 
51J((5511/( 
SCANS BE~ORE Kl\' 
CLOSURE fl(;CEf'TED 
(,]ll 
[{['.In[QU 
t~ 


(.i1 


(,12 rHL~E 
O','~,IZ['CONSi 
;SIZl 
ur 
Lr,J;:GESI I1INI-I'rnllll)l1 
OVEriLAI' FtJ;'lI' 


1:'4(. 
IN::IZE 
(tIIJ 
23 
(,47 ' 


t..48 [JECLlIf<E 8UrLEN, Co/1ST 
,LENGTfI or 
HEX FOI<'IIAT:(I1!T 00 m: 
(If« 
RECCW LOOTH) 
()i;2 
BtfLEN 
EQI.I 
16 
(.C .• ' 


(,64 
. I·l<.'+:**·f1,:*;:4·:.**.f: 
fi:.t:4:~:**.:*..:·.******:jl:t"*~:~.*:t;ll:Ji:~:*.****** 
.•i:;f:** .•.• **. 


66'5 
' 
fC6 
UTILI TV CONSTflNT I)ECLRRflTION::' 


6(:7 


;;.&3 . ****·*'H~ t****·;·H* ·t**·t>!·*·****·U*************'***********·****** 
6(,9 


Clll 
DECLAI<'( dJ'l)· CONST 
684 ;U'O 
Wl' 
II 
'::.s•...OCCLflf'E PLUSL CON'~r 
C~ 
tHIS1 
E9.U 
1 
:01) DECUIr!: 
PLUS3, CONSl 
;'14 
PLUS:: 
LQI.I 


;'1'5 f>CClIlfE llEGL CONSr 


:29 NEG1 
EOU 
·1 
;-:~0. 


inter 


i's2.; 
'31 
J **~.f.,**:li::t • .J:.t:;.:t*"".**lf:*+**:i:**~"**.***********"'**.********* 
7]4 ; 


;'3') 
; 
BfINf( a REGlST[fI 
ALlOCflTI~ 
nG ; 
73;' ..jo*~~*****~;***~**~.*******~****.***~.********~,****-****"" 
738 ; 
;'39 DlQflRE 
LDAm.l<BlJ 
~;,o+ 
loom 
$l T 
R2 


7S6 
DEILArE 
KE\', POO 
,'69+ 
KE\' 
Sll 
R3' 
113 OCClAr!E lTllP, ~ 
~.f+ 
lHlP~.fT 


;'90 
DECLf~ 
C\I<SlIll. ~'W 
G133+ 
Clll:'SIJ'I ~-lT 


Gl)7 DECLflR( DSf'TPI'. RClJ 


~+ 
D~rT~ 
~T 
824 [l[Qf1R( 
XPCOCi..PE:tf 


8J7+ 
~'PCOOC SET 


; COlIN1H: I.ISEL)AS PH IlIlEX 
IN F1lRSER ROlIliNE 


R4 
,C~CY~J.I" 
rJ" DATA CYTES TRffOIlTTEO 
IN HEX FILE 
FlJ.WoT 
R') 


. TEI'f'ORARV STIJRAG[ FOR DISf'LA\' 
I'P.TTERtf.:· IN 'D$PAlt' 


R6 
; EXPflNSION M()l1T1l1 l1:lJT1NE CODE IU18U~ 
fit 


841 ; 


842 ; *l".*~;*.~*** .•**.**t*.**** •• t ••.*••**;.*.**"******.**********. 
~41, 


844. 
[:f1NI( 1 R£GI~m' 
flLlOCnTI~ 
845· 


846 
; **.**"~*****;t+;***~;****** 
~~;***********~,*********************** 
347 ; 
~48 [l[CLAI1EI1OTPAU'£1 
865+ 
ROlrAT 
~T 
f<2 
869 
DECLAf.1 POTeNT, R01 


lJ.'J6+ 
ROTCNT 
~T 


890 
[l[CLf1RE UIST~V. RBi 


91371 
LflSTKV 
SET 


911 
DEClARC CIJ1DIG. RI)1 
m~ 
(,1J;DIG ~.El 


::32 
DECLflRE I([\'flG, 
RBi 
949+ 
KE\'FLG 
~.[T 
~53 
~4 
; 


955 ; ~;****"~***************~;**~*l'**(;*****l;~"***~;***************** 
956 
tEJECT 


~'3 


; InDS 
KEV f'OSITI~ 
or lAST 
K(\' 
DEf'RE$SI~ 
DUEtTED 


R4 


; flClDS r'OSITI~ 
(f 
II:Xl 
(''HAr<RCTER10 BE DI'1'LfM]) 
~3 
, Flr.G 
TO DE"IEeT IRN 
III 
KEVS ~ 
RElEflSl1) 


R6 


; (~:EGI~lE.R 
;- NOT USl'D FlJ: 
Pl<IIflR\' 
I'OlIT~) 


957. 


9S8 . *'l-****.* .H·~"*U*********t*********t***l'*********t 
•.•**'l-*U* 
9'59; 
%e 
; 
DATA ~flI1 fUOCm 
ION 
961 ; 


962 
; *t,**t,*.~***t****.,,·**u*t,***t.****.*****************.*****l'.'·* 
963; 


964 
OCCLf\Qf [rACe, Rr.I1 
%9+ 
~!'ACC 
EPl.1 


~173 DECLtlIT [Pf'SIoI, ~'fm 


978+ 
·CPPSW 
EliO 
i3 


93? 
DECLARE EF'TII1R, /1M 


9C7+ 
[F'TlIf< 
EOIJ 
:;4 
~191 [lECLP.~E EF'R8,~:f:l'I 
9%+ 
Err8 
Wli 


1008 
DECLArE EPI'ClO. /If"" 
ll105+ 
ErrCLO 
EPl.1 36 


100'1 OCCUlPE EF'PCf".1"f1M 
1814-1 
Ef'PClll 
EQlI 


1818 
OCCLfWE HEITLO, ~f111 
102:;+ 
fl3ITLO 
mu 
18 
1027 
DECLARE IIClTIil . PAt! 
1032·. 
HEaTH! EOli ;~; 


11136 DtCLr.r.c 
[l$f'TII'1, RAM 
1841 + 
[l$f'TIII 
[Q1J 


194~ 
[l[('LflRE 
"'E~.NO, RAM 
105l.!' 
YEr9«j 
[00 
1054 
OCCLt".r.[ IFEGA, ~1l1'l 


105~+ 
1:REGr. 
EP\.I 42 


1063 
llECLnF'[ '!REG[;, RAil 
1068'1 
1lJ;.1:00 
EQlJ 
43 


1€17;: ll£CU1I"E IlRECC, IIffl 
1977 } 
HREGC 
Eoo 
44 
1931 
OCCL~,[ 
H"EGD, Rfil'l 
1006+ 
1!REGl) 
[C!J 
45 
1~ 
DtCLf11ll flREGE, I"AI1 


1995. 
f~GE 
[QlJ 
46 


lll9'J 
DECLARE I~Gr, 
f<AII 
1HW 
HREGF 
EQU 
47 
1193 
OCCU1RE S/'IRLO.Rf',/1 


1113+ 
5I1I1l0 
EQU 
1117 
OCCLARf: SIf1HI.. RAI1 


112'r!+ 
Sl'Jilli 
EQU 
1126 
[lECLflRE EIlr.l..O,RAIl 
1131 + 
llft.O 
H,llJ 


1135 
OCCLAFE EI'RlI. 
RAIl 
1140+ 
~IIAHI 
[QlJ 
1144 
DlCLAfIE tlJt.O, 
RAI'I 
1149. 
1lE1I.0 
[00 


1153 
OCCLnRE IlElIliJ, Rnll 
1158} 
I'I[l'IIti [(l(J 


1162 
[lLCLAII[ OCOOC,IIr.II 
1K,'+ 
Ef'-OOC~QU 
1171 
DECUlRE TI'I'E, Rr.I1 


1176+ 
TIff 
~QU 


; SHlffiJE 
IN If' 
FOil EP AL;CIJ1IJLkTOF 


32 
; "TOllAGE IN /'II' FOR EP PROGRllMSTAWS WORD 


,STORIG: 
IN /'II' FOR [F' I1EGISTLI1 0 Of BfW 
il 


3'5 


; 5TOFflG[ 1N /IF' FOI-' L(IIJ 81",[ (l' 
[P 
rROGRHtl L:OlJlm~ 


; STOPffiE 
IN 1'If' r~ 
HIGH NIBBLE OF [P 
f'ROGI1HI1WJNTlR 


:57 


,rwnllETER 
1 FOR 2TIAL 
LINt:. DATil /lflTl 
ij[NERf1TOR 


; rnrt-1I1. ~ER r Of,' AUTO-STlP 
flN(l AUT0- E;REflK SEQlIEI£ I'" 
t<r.Tl 


4(f 


. M1JNITO/I·,'[r~.ION NI..tG:R 
41 


,f'Rlllllkl' 
CrnRlD 
STrs:nNG 
/'Il/'1OR'1'flDDl:ESS (L(lI 
INTEl 


48 
; PIW!PoPV COI'IIf'lNlISTARllI«J 
1lE1'IO'1' f'OOI--bS 
(HIGI: !NTl> 


49 


; Pl"11Ifl1<1'C.QIft1NO ENL'ING /'IE1IWl' AOO/I[5S (LOW £l\'TEl 


5e 


,~II1AF',' 
C()1'lflM) E/(lIN(; 
/1[11011\'roMS~ 
(HIGH B'r'H') 


51 


; lfllRD 
PflPSlP 
PP.RfKTEP 
& HEX RECW[l flOO~:ESS (LOW) 
52 


; TI"/IV 
PW.IR 
p~m: 
t HlX RECOOD AliDRESS (HIGH) 


~3 
; rI1llWlR't' COIIItN> 
.UlDER 
FRiJ1 PFJ:'SE!i' TflBlES (8<;) 


~ 
; f1UMHR'I CO/II'lflNI)I'lOOlfIER/OPTION 
(9-5) 
~5 


inter 


1100 
DEClARE "KUl, ~'flI1 
118'5+ 
N1Kl1l 
[QlJ 
505 
1189 I!I:(:UlRE OPTIOO, IIfVI 
1194l 
lX'TIOO 
Eoo 


1198 
DEClARE P£XTPL Rffl 
1293-1 
r£XTPL 
[00 
12117 DEWlRE 
KBOOUF,~ 
1212-1 
KBOOlf 
Eoo 
~9 
1216 OCCLRRE KEI'lOC, RfIl 
1221-1 
KEltOC 
EQU 
12'6 
DlClfl'E 
If:EPTS, RI'.I'I 
1230-1 
m'EPTS 
lQU 
1234 DECLfl'E 
flSflltL Rf1I'I 
1239l 
flSfM: 
EQU 
1243 DECLfVIE RDELIl'l', RfIl1 
124Bl 
RDELflI' 
[QlJ 
1252 DECLfiRE STRTI1P, PfI'I 
ll.:l?+ 
5TRTI1P 
[QIJ 
1261 DECLfl1[ MCNl, 
RAl1 
126G+ 
I3lFCNT 
[~J 
1279 DECLP.RE RECTI'f', RfJ'I 
1275+ 
IlECTYP EllIJ 
1279 DECLARE I), RA!'l 
1284+ 
B 
EQlJ 
12S8 
DEClflRE REGC,Rf':l'l 
1293+ 
REGC 
EW 
1297 DECLARE Ii, RA!'l 
1392f 
H 
1306; 
D97 /'lBI.OCK ~'[GIIlf'. C11/!ROO 
; RCGISIU 
~H'r' 
FOR DIsPLfl't' 
PfllTERNS 
1311-1 
S[l3IR' 
EQlJ 
79 
1314 ; 
131S /'I:1l.(V',% 
O~, 
O\I5IZE 
; L(Jl-~ 
U$ER ProJRAII 
~ING 
IHNHlJNITc.I 
0YERl.11YS 
1319+ 
lM3lf 
lQU ?3 
1322 ; 
1323 PROCK 
1Uaf 
..I)(flEN 
; fUOCAIT 
lllOCK or 
RffI H~ 
If...E AS t£X 
REC~ 
W'FER 
1327+ 
IlEXBtr 
Eoo 
191 
1330; 
B31 
SEJECT 


; IP«X 
F'OINHJ~ If...ED IN SlfmllNG 
f'f1ISER TrUES 
S7 


; C1f1!OCTER F'OSITIOO FlJ1 DI~AI' 
UTILIllES 
TO limE 
II:.Xl 
sa 


; POSIII 00 or 
KE\' DEBOllUD 
BY :.cRIfl I'" 
SJ.l:roJT I II: 


; It«:REl£NlED 
flS S1JCC[~SI VE 1([\' LOCATICJNS SCAIfEI) 
68 


;KEEPS 
TRfU 
or 
SlXCESSlVE 
REOOS or SM KEI'STROO: 
61 
; Hll.DS f~.:UJURTOR 
VALLE ~IN(; 
SE'RYlCE ROOTIll. 


62 
; UX.lflER 
DEC~.'OlENTED WilleN flITo-SIEP 
DlLAI' 
IN F'f.'OOf<ESS 


C3 


; IP(l[X 
POINTER ftJ( DIsPLf;V 
CtmtC1U: 
STlW'j 
ACCESSI'" 


64 
. C(OIl 
or 
DITTAllI'ITS 
IN lEX F(J:If1T 
R£UJ:l> 
BI.HEf< 
cs 


; TI'I'( or 10 
FlJ-'IIll 
RE~ 
(9 OR 1) 


t.6 


;!HT 
IXWlER 
fOR ASCII 
~f<lf1I. 
110 UTILIW 
SLU:OUl lIES 
f,? 


; CIR\'flCTER BEl'" 
SHInCD 
DUU'" 
SEf<Ifl. 
110 PID;ESS 


C8 
; CWfTER 
IN sorTWf~ 
DElfl'l 
OO]fl ~'fl1[ 
GEIIJ:fITOR 


inter 
Ap·55A 


LOC 
00.1 
LINE 
~ 
~TRT£'I:tlT 


1332 
DfITflJLK 48 


9300 
11">7+ 
ORG 
768 
1341 
; INVfl.S 
TACLE OF C~TfJjT~ 
10 BE L~D 
INTO tf 
INTERIft. 
IdfI 
'M<IfQl~ 
1342, 
AS PART (J- SYST~ 
INITIfl.IZflTlfJl 
PROCEDW:: 


1343 
; 
1344 
.. 
INITIRL 
VftlLl 
1/f1IWlBLE 
TYPE 


1345' 
====== 
:::.== 


9~il0 
99 
1346 
INVflS: 
00 
09H 
; roTf'm 
k'B1 


9381 
00 
1347 
DB 
09H 
;ROTCNT 
RBi 


93112 99 
1348 
DB 
9911 
; Lf:5TKY 
R1l1 


9393 
00 
1349 
DB 
UmlO 
; crnolG 
REi 


9394 
99 
1350 
00 
9911 
; I((VFLG 
R81 


938S 
99 
1351 
Dl1 
09H 
; <REG7) 
RBi 
93llC 00 
1352 
DB 
llIJl 
; [PACC 
f.1f1 


9J97 
Il1 
1353 
DB 
91H 
; [1'P'".>ll 
Rf1l'I 


0388 
00 
1354 
DB 
99H 
; EPTlIll 
RfIl 


9J9'J 
09 
1355 
()[; 
9911 
; [f'R0 
RfIl 
I.BllA 99 
1356 
DB 
9011 
, EPPClO 
RflM 


9~ 
00 
1357 
OIl 
09H 
; EPPCIIl 
f:AI! 


9~ 
93 
1351.) 
00 
9311 
; IlllTLO 
RffI 
9:s90 94 
1~9 
00 
94H 
; I£ITHI 
RIfI 


931lE 211 
1369 
00 
29H 
;DSPTI" 
RfIl 


938F 
25 
1361 
Dl! 
2SH 
; VERSNJ 
RIll 


9318 
99 
13&' 
DB 
99H 
; fl\'(GA 
RffI 


9311 
80 
1363 
00 
0011 
; IlREGB 
RRI'I 


0312 
00 
1364 
00 
0l*f 
;~GC 
RfltI 


9313 
00 
1365 
DB 
llllH 
; ItlEGI) 
RfltI 
1.B14 00 
1366 
00 
OOIi 
, IllEGE 
Rill 


9315 
80 
1367 
00 
OOIf 
;f~:[GF 
RAI'I 
9316 
00 
1368 
00 
OOH 
; Slft.O 
RAt! 
8317 
00 
1369 
00 
99U 
;9I1HI 
Rf1Il 
mB fr 
1378 
00 
8FFH 
; EPfilO 
RfIl 
9319 
8F 
1371 
00 
8F1l 
;EIflIH 
RfltI 
831A 00 
1372 
DB 
99H 
,1£"lO 
RfIl 


9318 
118 
1373 
DB 
09H 
;1I:~1 
RAIl 


e31C 00 
13,4 
00 
001: 
;BCOOE 
RAIl 
931D 94 
1375 
Df) 
~: 
; TYPE 
Rf1l'I 


831E 
81 
1376 
DB 
01H 
;~ 
RAIl 
931F 
118 
1377 
00 
OOIf 
; OPTIfJl 
Rf1l'I 


8329 
00 
13(8 
00 
():IlRIf) 
; P£XTI'L 
Rf.••• 


em 
Ir 
1379 
00 
arm 
;KroBUF 
RAl'I 


0322 
00 
1300 
Df) 
0lJI 
;KEI'l.OC 
Rf1l'I 


8923 
13131 NO't'fl.S 
EQlJ 
~·INVkLS 


1382 
SIZWt: 


ll923 
1385+ 
~lZE sn 
35 
1J1X~; 


1387+; *-**********-*-********************-**********.* 
1396 
~JECT 


inter 


9889 CS 
9991 BFOO 
98e3 
74/)1 
9905 27 
9996 30 
998i' 
3E 


Il998 
CS1A 
ll88f; !l923 
980C BfBl 
89lI: 
FA 
9l6' EJ 
0819 A9 
991118 
9912 1A 
9913 E99[ 
9915 55 
9916 
744f 
9918 L:8Il8 


001A 74CA 
ll91C 54£5 
081E B937 
9020 11 
0021 34F2 
9923 54£5 
9925 
99EF 
9927 9429 


1397 ~ 
n':UllE<:F9:PARSER.IQ» 
=1398 
COOEBIJ(4~ 
=1493+ 
(l1G 
9 
=1497 ; INIT 
INITIFUZES 
I'ROCESSal REGISTERS 
=1400 ; 
fN) RIll LOCATI~ 
"0 DEFII£D YFl.L£S. 


=1499 
INIT: 
5lL 
Rae 
=1419 
I'KlY 
Xf'COO[,18 


=1411 
CfU 
:<PTEST 
=1412 
CLF: 
A 
=1413 
1lO't'l> 
I'SEGLO,n 
=1414 
lIlY\) 
f'C"...EGI:I, 
A 
=1415 
I'KlY 
Rtl•• 1fJl ; START AT kC1 <REG2) = RAIl LOC 1f1l 
=1416 
I'KlY 
Ri, ILlJI tlJ'M.S 
=1417 
I'KlY 
1'2, ILl'I INYFI.!. 


=1418 
INITLP: 
I'KlY 
fl, R2 
=1419 
1'llYP3 
A,(If! 
=1429 
I'KlY 
f!R8,II 
=1421 
INC 
R8 
=1422 
INC 
k2 
=1423 
DJNZ 
Jd.INIlLP 
=1424 
STilT 
1 
=1425 
au 
U'(;RI( 
=1426 
I'KlY 
R8, ILlJI(OV1BAS+OYSIZE) 
=1427 
aU!M.OAO 
=1428 
CFU 
Wl'IL 
=1429 
I'lJV 
Ri, ITYPE 
=1439 
INC 
~1 
=1431 
CftlL 
INCSIIl 
=1432 
au 
eM IL 
=1413 
fR 
f'1, .<NOT CPRS£1) 
=1434 
JI'I' 
ItlIN 
=1435 
=1436 
SIZEot: 
=14:<9-1 SIZE 
SH 
41 
=1449+, 


=1441+; ******-*****••**********-********••*.*-****-*- 
=1459 ~J[(;T 


=1451 ; 
=1452 ; 
=14~3 ; 
=14~ 
; 


=1455 i 
=1456 ; 
=1457 ; 
=1458 ; 
=1459 ; 
=1463 ; 
=1461 ; 
=1462 ; 
=1463 ; 
=1464 ; 
=1465 ; 


=1466 ; 
=1467; 


=1468 ; 
=1469 ; 


=1479 ; 
=1471 i 
=1472 ; 
=1473 ; 
=1474 ; 
=1475 ; 
=1476 $lJECl 


"I'l<'OO BRK"pm; 
1EI1"REGISTER' 
, lI'l.OflI) 
" 
" 
" 
"AUTOSTP"Sltli 
STP" NO~ 
, 


"DATA ~"DATA 
/EI1" 


, D!l.0flI) ! I 
-_..- 
" 
"QRIF'REV' 


, 
"AUTO 
BRK"WIlH 
L'RK" 


inter 


9010 
il812 
0913 
9014 
9015 
9016 


9017 
0818 
901~ 
081A 


1191B 
001C 


081D 
001[ 


901F 
~ 
900C 


0019 
9015 
0011 


00113 
0816 


081A 


=1477 
; 
=1473 
; 
=1479 
; 
=1488; 


=1481 
; 
=1432 
; 
=1483; 
K[Ve 


=1484 
; KEI'1 
=14l3S ; KEY2 


=14GC 
; KEY3 


=1487 
; KE1'4 


=1483 
; KEYS 


=1489 
; KEI'6 
=1490 
; KE\7 
=1491 
; KEYS 
=1492 
.;KEI'9 
=1493 
; KE't'A 


=1494 
;Kru:) 


=1495 
; KEI'C 
=1496 
;KEI'[) 


=1497 
; KEI'E 
=1498 
;KEIf 


=1499 
KElfIL 
=1S01l KEI'NXT 
=1501 
KEI'EW 
=1:>02 KE\'F.EL 
=1503 
K[YPAT 
=1S84 
K[1'DI1 
=15eS KEI'CU.' 


=1586 
KEI'REC 
=1~7 
K[YTRfl 


=1598 
KEI'Pl'I 
=1509 
KE'MG 
=1510 
KE\'LST 


=1511 
KCORES 
=1;12 
KEVGO 
=1~,1J 
KEI'IllD 
=1~,14 K~.[TB 


=1515 
KClJ<13 
=1516 
; 


=1517 
; 
=1518 
PloW 


=1519 
DfJRK 
=1S2l:l RINT 


=1521 
NOORK 
=1522 
WCRK 


=1523 
SING 
=1524 
; 
=1~ 
$EJ[CT 


TI£ 
Fll.L(JlII«i 
EQOOTES DETERIlHI5 
fOj 
TIE 
~k 
INTERPr<ET!> 
Yfll.{S 
RETIJlIfl) 
BY 1/£ 
KE't'lJOOID SCflIflING 
IIf'UT 
RQ.n lit. 


HN 
TIl 
VARIOUS KEYS Of' TIE KEI'IlOORI> AI':E PRESSED. 


[00 
EOO 


EQU 
EOO 
LOO 


EtIll 


[QlI 
lOO 
EOO 
EQU 
EOO 
[00 
[00 
EOO 
EW 


[QlJ 


[00 
[00 
EQU 
EQU 


EQIJ 
EQU 
[l.Ill 


EOO 
EOO 
EQU 


[QlJ 


[QlJ 
[00 


EQlJ 
[00 
EQU 


[QIJ 


YAll.{ 
RETW£D 
Fill 
EACH KEY (f m'BO'J.'l) 
IfllRIX 


E\' KEI'EOflRO SCAtlHMi 
SUBROUTINE "KCDIN". 


.•---.-+ ....-- .•---- 
+-- --.,: 
l..··--+.'.--- 
.•- ..-+---- + 


, 1C 
I 1D ' 
1E 
' 1F' 
I fil(; , lID ' 0E 
' Ilf 
' 
+-_ .._+_•.- ...•_•.... +.._....+ 
+..- .._.+--_ ...•_._.- .•-._..-+ 


'1f;'19'iA'1E' 
'98'09'lrI'0Il1 


+- ._- .•----+- .._-.•-._..+ 
+---- .•.......+_ ...._+._ .•.- .• 


1 .14 
' 15 
' 16 
' 17' 
'04' 
lIS 
' 96 
' 91 
' 
+- ·-- ..of-· .. ·-+-- -- +- _.-..+ 
t---·-·1- ..••...+..---+ -.-.--l 


'18'11112'13' 
'90'91'92'93' 
+- ..-- .•-. -_·t-_·_+-·..· -+ 
+-·_..-t--· ..·t-- -t--- 
.• 


; [FILL 
lUlIfH) 
1 
; (NlXT/, 
1 


;([lilt'. 1 


, [DOWN..cro 
COltIN) 1 


; [fIDOE11EnK 
I'O)ItIE~ 
1 
;[l>frrr. 
~IU'1'I'O)IFIERl 


; [CL[AR/PREVIOUS 
1 
; [iJ'LOAl> 
C()ftN) 
1 


; [AUIOSnJ' 
tlOOlFIERl 


; [I'ROI"..RAI1 
I'£lU:Y 
/'0) ItIER 
1 
; [REGISTER 
I'IE.IU\' 
IUHHER 
1 


; [F~TTED 
DATA 0UT1'IJ1 rottflNI) 1 


; (GO FRll1 RESET STATE l'Ol'WH) 1 
, [GO C01'If1I{; 1 


; [~xr,MINEII'llDIF',' 
rot1RN)] 


; [SET 
Bl1£Ft:POI NT COI1Iftf> 1 


; (ClEflR 
ClR[AKPO I NT UJI1I'RI) 1 


; [FID;Rf1l'I 
~,[AKf'OINT 
I£~' 
I'O)IFIERl 


; [DATA BREAKPOINT MEl'JRI' IlOOIFlERl 
; [IIARCJ1olAREREGISTER P1E1'U1' t1lO1FIlR) 


; (IIIl1lOUT 
r.REf1Kf'(JINTS I'IODIrIER 1 
; [WITH ERl:AKPOINTS EIfillED 
1'lOl)1tI[1( 1 


; [SWGLE 
~.TEP 1100lf lERl 


9929 Br91 
982E i'4I)1 
802[) 2J91 
9ll2f 
3400 
9831 14EC 
9033 IB 
9834 D31] 
9836 CG2S 


903fl 1)936 
983C 8199 


983E 1lS37 
9949 B100 
9842 FC 
9843 E3 
9844 B2BC 
ll846 
DC 
984/ 
C652 
9849 FC 
994A 8383 
904C AC 
984D 11936 
984F 11 
lIlI58 8442 


00S2 B936 
0054 F1 
005:i 031D 
9857 3482 


=1526 
=153H 
=1535 ; IflIN 
=153C ; 
=1537 ;1'f:1N2 
=15~ 
; 
=1539 IflIN· 
IUY' 


=1549 
CfU 
=1541 
IUY' 
=1542 
Cfl.l 
=1543 
Cfl.l 
=1544 1'fl1N2 
I'IOY 
=1545 
XRl. 


=1546 
JZ 
=1547 ; 
=1548 ; FItW' 
rIll> 
OOT IF HI. 
KE\' K'ESSED IS A lEGITIItlTE 
C{JIft() 
INITIAT~: 


=1549 ; 
ITIf':=CTAB 
=1559 ; 
OCODE·=T\'P[: =II 
=1551 ; 
IIlll[ 
CTAS<ITII')oe 
ICTff: EXHUJSTED/ 
=1552 ; 
IF CT~( ITtf')=l([V 
GOTOIfHIfl 
IWtft() 
lNTRY HUt> 
IN CHilli 
=1553 ; 
ElSE 
lllf':=IT1'lP+m"AtIUNlR\'SIZI: 


=1554 ; 
BCOOE:=OCOOl+1 
=1555 ; 
EN>lllIlE 
=1556 ; 
GOTO[~ 
=1557 
IUY' 
ITPI', teTAS 
=1558 
I'lI'llV 
OCODE,zu:o 
=1569+ 
Pm' 
1l1,IBCOOE 
=1579+ 
IUY' 
flIR1,IZERO 
=1574 
Ift)Y 
TYPE.ZI:RO 
=1585+ 
PlOY 
ki, 1TYf'[ 
=1586+ 
IUY' 
@R1,lill'O 
=15911 FItt>Of' 
Pm 
fl, I.TPlP 
=1591 
PfJYf'3 
fl, @fl 
=1592 
M 
tERr<OR 
=1593 
XRI. 
A,KE\' 
=15~ 
Q 
Ifll~ 
=1595 
Pm 
A, ITII' 
=1596 
fi)() 
fl,lrolSlZ 
=1597 
IUY' 
ITII', R 
=159B 
Pm 
1l1,IECOOE 
=1599 
II«: 
@Itl 
=1688 
JIf' 
FIN>OP 
=1681 ; 
=16l12 ; 
=1G1l3 ; 
=1634 ; 
=1685; 


=16llC; 
=16t.l7 ; 


=1688 ; 
=1G1l~ MIlIIf: : 
I'KlY 
=1G10·' 
PlOY 
=1619+ 
Pm 
=1623 
roD 
=1624 
Cfl.l 


COOEBU'168 
~ 
41 
OOTPUTASS#&: 
(ClJIfH) 
J'Rl»f'T) 
Cfl.l 
IIf'UUIYTE<K[Y) 
IF TI£ Ktl'=llt> 
GO TO 1fl1N. 


XPCOOE.11 
Xl'TEST 
1\,11 


OOTUll 
IIf'KE\' 
R,KEY 
n, 1KE\'I:t«> 
tfllN 


ClITf'ULI'[SSIn: 
(STRCO/l(f;(;()()[» 
1:=1+1 
<PTIIIl: '=I£llW 
1:=1:-1 


NJ_lJ" J1IRfKTIRS: 
=/Ell ( I ) 
1·=] 


A,BCOOl 
1l1,IBCOOE 
fl,~1 
n,l~ 
OOTClR 


inter 


8959 1C 
0ll5A Fe 
905E E3 


ll05C [;939 
I:l85E Ai 
oosr 1C 
00f.e 
FC 
0061 E3 


eIlf..2 B938 
0064 
P.1 


0065 
BS9C 
0067 El:?0 
0069 
00110 


00613 18 
096C E969 
l:l06[ 
14EC 


9070 8939 


0072 
F1 
0073 1-: 
0074 
1C 


9075 FC 
0076 E3 


0077 
97 
0078 
F7 
0079 77 
80m Dr. 
0078 
C693 
0070 
F6S7 


0071 L'9~7 
0081 11 
llOO2 17 
0083 A1 
0084 
1C 
0985 9475 


0087 8937 


~ 
B100 


=1625 
=1626 
=1627 
=1G2S 
=1641+ 
=1642+ 
=1646 
=1647 
=1648 
=1649 
=1662+ 
=166~+ 
=1667 
.' 
=1668 , 
=1669 ; 
=16?l3 
=1671 
=1672 I'IAINB 
=16i'3 
=1674 
=1675 
=1676 
; 
=1677 
. 


=1678 
.' 


=1679 ; 


=16<'30 
.' 
=1681 .; 
=1682 
ItKlV 
1T1'lI',OPTIlJl 
=169C+ 
t(lY 
Rj" IG'TIlJl 


=1699' 
I'KJII 
A, l!R1 
=1(12+ 
/'10\1 
IiII', 
A 
=1715 
INC 
IT1'I' 
=WC IIAINC1' I'l11O\' 
A,IT1'lP 
=1732 • 
t(lY 
A, IT1'lP 
=1736 
PfflP3 
A,~ 


=17S7 
CLR 
C 
=1i'38 
~'lC 
A 
=1739 
RS: 
A; 
STRIP BIT SEVEN INTO CIJ-'kY 
=1749 
XRl 
A,I([\' 
=1741 
J2 
IIlIPil 
=1742 
JC 
PIlIPll1 
=1743 
I'lIHe 
TIff 
=1748+ 
I'lO\l 
10:1, 'TYPE 
=1749+ 
/'10\1 
A, llR1 
=1753+ 
lHe 
A 
=1i'58l 
I'IOV 
1!f;1,A 


=1761 
Irt:: 
ITI'lI' 
=1762 
JI'If' 
1Il1rt::1 
=176~ .• 


=1764 , 
=1765; 
=1766 I'IfllPll1 
=177,',. 
=177S+ 
=1782 


Irt:: 
t(lY 
~3 
ItJ.lV 


t(lY 


IIJV 
INC 
/'10\1 
1'IlM'3 


/'lIllY 
IfN 
/'10\1 


ITIf' 
A,!lit' 
R,@tl 
OPTIlJl, A 
R1, IOPTIlJl 


l!R1. A 


111'11' 
A, IrIlP 
fl,~ 
1llJI1C(Jj,A 


R1,'/lKON 
l!R1, A 


/'10\1 
N"f6 
/'10\1 
R9, t<'J'R.O 
1fJ~' 
~:0, ,90H 
Irt:: 
R9 
DJNZ 
k1, ,.llNE 
CfU 
IIf'I(EI' 


.' lOCH I"ffnI 
1$ 2 lr.'l E$ 


.' .START or I"flm'f WHRS 


IofIILE KEV()IEI'I(OPTI~nff)[6-1l1 
00 
IF 1'IEI'I«(J'T!(Jl+TVF'DI 71=1 GOTOIfHPIl1 
T'm:. =Wf'E+1 
EtWHLE 


Ill'IOV 
1I'PE. ZERO 


/'10\1 
R1. 'TYPE 
rov 
l'R1, 'ZERO 
I'tIOV 
A,OPTION 


inter 


98SB 1l9J9 
0080 F1 
998E n 
98!F 
3484 
8091 849E 


9997 B937 
9999 61 
999R 3484 
ll99C 14£C 


009E 
OC.9ll 
00Al.l 2319 
ll9A2 Gr 
9IlfB GC 
9Ilfl4 fl8 
00A5 14C8 
9IlR7 FGBll 
9Iln9 1C 
00flA B938 
9IlOC F1 
9llA) 97 
lllH Ai 
9IlA 
CGE:A 
llllIl1 Fa 
99Il2 D313 
ll(j84 Calf: 
llllB6 1~C 
lIllIl8 94I1ll 


llllBC BAlli 
!lllBE 249A 


=1791+ 
=1792+ 
=17% 
=1797 
=1798 
=1799 
; 


=1llllll ; 
=1001 NlII«> 
=1£119+ 
=1811+ 


=1815 
=1816 
=1822+ 
=1823+ 
=1827 
=1828 
=1!r.19 
; 
=1819 I'flItl;ll 
If)',' 
=1831 PlflHIl1· 
I'm 
=1832 
ROO 
=1833 
roD 
=1834 
I'()Y 


=1835 
CfU 
=1836 
JC 
=1837 
INC 
=1KW 
1(11/ 
=1839 
I'm 
=184{l 
DEC 
=1841 
I'm 
=1842 
JZ 
=1843 
I'lII/ 
=1844 
XRL 
=1845 
JZ 
=1046 
au 
=1847 
JIf' 


=184SJ 
.; 


=1849 ; OOINT ENTERTIt: WIRI) 
f'ROCE~SORwml: 


=1058 ; 
IlflSLCOOE.=THEI1AINrotIflNI) 
l\'PE 
=1851 ; 
TWE~SJJlCll'I1AI«> T'r'I'[ 
=1852 ; 
PIl1AI'IETER(1)=fIRST ~S~ 
=11,'53 ; 
PfJMTEIH2)=S[aH> 
ft)()RESS 


=1&54 ; 
~m=DAm 
=1855 OOINT 
JI'f' 
IPl'LE" 


=1856 
; 


=18tl7 ; I'I:~OI? [~ 
ElrnUNTERED IN I1AINPf~:SINJ k1lJTII£ 
=1858 I'I:~: 
1'lOI/. 
LDATA,11 
=1859 
JI'f' 
I'ERm: 
=1869 
SIZECfI< 
=18C3+ 
!>IZE 
SET 
151 
=18641; 


R1,WTllJl 


A, l!R1 
A,W, 


WfI1SG 
I1AHIlll 
au OOTPUTJ£SS/G.(Ia)IrIERl 
Ift)I/ 
A,OPTIfJl 
I'm 
R1.I(J'TIfJl 
"01,' 
A.tiR1 


/(II/f'3 
n,l!'fl 
i'ro[l 
A, TI/f'E 
I'lOI/ 
1"<1, 
trill'[ 
ROO 
A,~1 
au 
OOTI1SG 
GlU 
IJf'KE\' 


ITIlP. III 
n.ISPfI.O 
A. ITII' 


A, IT"" 
R\3.A 


IIf'fI*: 
C/t)INT 


11"'" 
~1, IN..t£fJl 
n,~1 


A 
~1,A 
Cl'l)INT 
A,I([\' 
A.lKEI'END 
OOINT 
IIf'KEI' 
NlIIIl1 


=1(;65+; *t_**************~_*******************t.,.,**************** 
=1874 $E:JECT 


=1875 
DATfR.I( 58 


9323 
=1889+ 
~ 
893 
=1884 
; 


=1B8S ;.***-* ••****_••••_ ••••_** •••*••*****.**_.**** 
••• 
=1886 
; 


=1887 
; 
TflUS 
FOf::PAR'".1.R 


=1CBB; 
=1SC9 ; •• _*****_._-*_ 
•••••••••_ 
•••**••••••* 
=1899; 
=1891 
; 
Tf£ elm 
TABlE a»lTAINS 
(ro!SlZ) 
EN1RIES FlJ: EOCU C(Jllft). 
TI£ 
I'lANll«i 


=1C92 ; 
~ 
Tf£ ENTRIES IS flS m ..u:Jls 
=1C9$ ; 
=1894 
; 
ENm' 
9 
rot'H() K[',' TO INITI ATE 


=1895 
; 
ENTR\' 1. 
POINTER TO 1f£ 
LIST (f lJ>T!(fl5 
APPlICAElE 
10 THIS (''lJIIKl 
=1896; 
ENTRY2 
/UIl[R 
Cf IU£RIC 
Pf~TEI:S 
RCWII\'ED E:V l~ 
CfftIN) 


=1C97 ; 


0923 
=1&'98 CTAB 
EQU 
$ 1ft) erRl 


9993 
=1$9 
ro!SIZ 
[00 
1 
=1909; 


9323 if 
=1991 
00 
K[\'I({), L(JI ~TAB1, 1 
; EXAIl 


0324 
:sF 
9S2'5 91 
9326 
1E 
=1992 
00 
KEYGO,L(JI ~Tfl)$.1 
;GO 


0327 
49 
9$2{; 91 


9329 
19 
=1993 
DB 
KEI'FIL UJI 
lJ'Tf*l1,3 
;fILL 


932A SF 
9328 
93 
932C 1C 
=1994 
DB 
K[•.••L5T. L(JI ~Tm1, 
2 
; DlJf' 


9320 
3F 
932E 92 
932F 18 
=1995 
00 
I([I'!1EC, L(JI ~TOO1, 2 
;RE~ 
9Il93f 
9331 
92 
9332 
14 
=1996 
DB 
KEI'REL L(JI ~Tffi1, 
9 
; 1<l1.000 
9:m 
3F 
9334 
99 
93$5 
8E 
=1997 
DB 
KSEIB, L(JI lJ'TfI:2, 
1 
;SET~ 
113:s6 46 
9337 
91 


9338 
IlC 
=1998 
DB 
KCLRB,L(JI ~Tfll2. 
1 
; ClRERl( 
9:m 46 
9$3A Il1 
933l: 10 
=1999 
DB 
KGORES,L(JI ~TfI):S, 9 
; GO t·Rl)l RESET smTE 
1l3:lC 49 
Ull> 99 
933E IT 
=1919 
DB 
ffTH 
;E~ 


=1911 
; 
=1912 
$EJECT 


lB3f 2C 
8349 
1n 
8341 
16 
0342 
1B 
0343 
11 
0344 19 
934~ 
95 
8346 26 
834r 
1A 
l;l34S % 


8349 
2C 
834A 18 
8348 
16 
934C 1A 
9340 15 
834£ 
99 


=1913 
, 
=1914 
; 


=1915. 
=1916: 
=1917; 
=1918 
: 
=1S19 
; 
=1928 
; 


=1921 
; 
=1922 
tFTf1l1. 
00 
=19'.13 
DI1 


TI£ 
tFTIIll 
TfllllE GIVES TI£ 
~IOOS 
lJ'T1l.f6 
fUMD 
Fill 
EfOI 
BflSIC mtIN). 
f1S FfX.LOWS 


ENTRY 0 
START or TF£l.E If 
r100IFIER 
RESMSES. 


ENTRY 1l 
f1llCJlo[D PlODlrIER 
K!SSTRO<[5 
aJ:RESPON>II«J 
TO ~Tl(llS 
9-5. 
tllTE 
lllRT 
T1£ LAST BYTE IN EACf! Of'1I0N GroJ' IllS 
BIl 
SH'EN SET TO I I() ICAT( Tff: END. 


~TRlI}f 
Kl'.'F'Il, K[\'DI1, Kl"'REG, RINT 


=1924 
00 
P8kK. OORKIII GIll 


=1925 
tFTA132 
00 
STR!'E11 
=1926 
00 
KI:WPI, m'D/1 
(J' 89H 


=1927 
IJ'TRB3. 
DB 
STRGOC 
=1928 
00 
rm.'I(, If:RK, 5 II«J 


=1929 
00 
KEI'Pf1T,KEI'TRfl OR 0011 


=1938 
SIZEOlK 
=1933+ 
~IZE 
SET 
44 
=1934+: 


=1915+; *_***************_*__ 
*_10*******_***** 
=1944 
$EJECT 


inter 


9180 
9319 
9192 
B4F1 
9194 
A3 


9195 e949 
9197 
Ai 


9198 ~ 
9100 
F1 
9198 
A3 
919C F217 
019E D400 


9119 C949 
9112 
F1 
9113 
17 
9114 Ai 
9115 2498 
9117 
C4D8 


9919 
9119 
31 
011A 37 
9118 
3£ 
911C 44 


8ll1D 
9110 
46 
911E 49 
911F 48 
9129 
4E 


9121 
51 
9122 
54 
9123 
57 
9124 
SA 
912S SO 
Il826 
9126 Sf 
9127 
61 
9128 
63 


=1945 
COO£BLK139 
=1955i 
(JlG 
~ 
=1959 ; WTUTL llJlPUT (J£ IF FlU< UTIII T\' DISPUl'/ 
ProI-'TS 
(lEfT 
MlIFlLD) 
=190'"..8.• 
ocroIDlNJ 
TO OCC ClJlTOOS 
(9-3). 


=1%1 
; WTCLR ClEfI< DISPlIlY AN> OOH'UT CKlROCTER~lRINJ 
~T~T1NJ 
=1%2 
; 
AT Tl-E ROORESSI'OINTtD TO 'rN f)YR HT ~SS 
IN OCUJl.lAT~. 
=1963 
; 00TIf"J6 
~INE 
TO ro>\' n Sl1i:INJ I): EIT f'ATT(Rtf.; F~ 
I\'UI TO 1ff. 
=1964 
.• 
DISPLIlY R£.GI~TERS 
=1%5 
.• 
STRINJ SlliCTro 
IS DETERIIINEDB'1' nee IHN crt.LlD. 


=1%6 
; 
(II ENTERINJ OOTIl'".,a, OCC C(JITENTS ffIE lJSEI) TO fUlRESS 
A B'1'TE IN A 
=1967 
; 
LOOM' 
HIll[ 
(II TIE ctmNT 
PfS: 
IIlIClI 
ClJlTAINS 1fE IflDRESS (f' 


=19(.,8 ; 
A ST/o:INJ IF SEGI£NT PATTH1NDATAB'1'lES TO IlE PRINTED 000 TIl. 


=1969 
.• 
DISftA\'. 


=1979 
; 
TIE 00 IF TI£ STRINJ 
IS IN>ICHITD liEN EIT7 =1 
=1971 
.• 
CIl.LS Sl])ROOTlI£ 
'II>ISP' 
=1972 
.• 
TO OCTtn.LY EFFECT IIIITINJ 
INTO Tl-E DISPI.AY REGISTERS. 


=19TJ 
OOTUTL: ADD 
ft, ISTRUl L 
=1974 OOTCLR: CIU 
ClEfR 
=1975 
OOTIl'")J' I'KJYP 
A, l!A 
=1976 
tIIfJV 
SlRTW-, n 
=1m+ 
IDI 
Ri, ISTRTII' 
=199&1 
I'IlV 
@R1,A 
~'94 
PRNT2: 
IKJY 
A, ~TRTII' 
=2993+ 
IDI 
Ri, ISTRTIf' 
=2tl94i 
IDI 
A, @R1 
=2898 
I'IlYF' 
A, @A 
=29ll9 
JB7 
PRNT1 
=2919 
CIl.L 
II>ISf' 
=2911 
I'IINC 
STRTI1P 
=2916+ 
I'lOY 
Ri, ISTRTIf' 
=2917+ 
IDI 
A, ~1 
=2921i 
INC 
A 
=2926+ 
IDI 
@R1,A 


=29'0!9 
JIf' 
f'1\'NT2 
=2939 
PRNTi: 
JIf' 
II>ISP 
=2931 
.• 
=2932 STRUTL EQU 
=2933 
00 
=2934 
00 
=2935 
00 
=2936 
00 
=2937 
STRWI 
[00 
=2938 
00 
=2939 
00 
=2849 
00 
=2941 
00 


=2942 
00 
=2943 
00 
=2944 
00 
=2945 
DB 
=2946 
00 
=2947 
STRIE" 
[QU 
=2e48 
00 
00 
00 


Ull $ 
UIl(DERml) 
UIl(~) 
UIl(~) 
UIl(OOI'Nl ) 


, Ull $ 


UIl(DIlOO) 
UIl(OOO) 
LOW(DFILU 
LOW(DLST> 
LOW(I>F:EC) 
LOW(DREL) 
LOW([)SB) 
LOW(OCB) 
LOW«()(I() 


LOW$ 
LOW(l>PRI£ll) 
UIl(OOAI'EI1) 
LOW(IiRII) 


; llJlPUT 
TO NEXT ClmK:lER 
POSITI(II 
; II«X 
POINITR 


; UTIII TV IJ3SAlI 
9 OODRESS 


.•UTILIT\' I£SSffiE 
1 IIJOR[SS 


.•ImUll' 
I£SSIa: 
2 fW-'ESS 
; UTILI T\' I£SSIG: 
3 fI)I)R(~S 


; I;r,SIC rotfN) 
9 REsmlSE 
moRlSS 


.•IJASIC ~ 
1 REsmlSE 
ADDRESS 


.•BASIC CMIfH) 2 f([SPONSE roDR£5S 
.•[)flSIC WlIfN) 
3 RESPONSE II>ORESS 
; [)flS!C COIIf1If) 4 R(smfSE 
floOORESS 


.•BASIC CIlftH) 
5 REsm&: 
fI)OO[SS 


.•EflSIC CIlftH) 
6 RESI'ONSI: ~SS 


.•BASIC eatIH) 
"(RESI'(JISE AOOr<ESS 


.;Elff..IC COIfN) 
8 REsrolSE 
OOORESS 


.•DflTA T\'PE IQ)IFltR 
9 REsm6E 
fW-'ESS 


;omn WI'£ 
IQ)IFI[R 
1 RlSfUlSE 
ft)[)R[SS 


.•[)ATA TYrE IQ)IFllR 
2 REsro6£ 
fl)l)R(SS 


inter 
AP·55A 


LOC 
OOJ 
LINE 
~ 
STATEI£N1 


8129 
69 
=2851 
00 
Ll'l(DINTRG) 
; ()flTA TWl 
/Q)IFl[R 
3 RESfUfiE 
fWR[SS 
812A 65 
=2952 
00 
Ll'l(DPf...'llRI() 
; DRTR TWE 1Q)!F1E/( 
4 R[~ 
AOOIlESS 
812S 
(,7 
=2953 
00 
L~(DDfIlI:K) 
; DflTR TYPE IQ)IFIER 
~ RESf'ONSE ftlDRlSS 
8lQC 
=2954 
S'l"'GOC 
EQU 
L~ 
$ 
81<:'C a: 
=2855 
00 
L~(DIOlRI() 
; EXfCUTllM PO)[ /Q) IF IlR 
11 
812D 60 
=2856 
00 
Ll'l(Dlft'lO 
; EXl:CUTI(JI PO)[ IQ) lrIER 
1 
912£ 
(;f 
=2857 
DIl 
L~(DSS) 
; EXECUTI(JI POlE /Q)!FIEI< 
2 
812f 
72 
=2858 
00 
L~(DPA) 
; [)/[CUT 100 POlE IQ) IrIER 
3 
9130 
75 
=2959 
00 
L~(DTR> 
; EXt:CUTI(JI IlOOE IQ)IFlER 
4 
=2868 
, 
=2961 
; 
UTILlTV 
0UT1'IJT II:SSflG[S 
=2962 
; 
=2963 
~: 


8131 
79 
=2lI64 
00 
8111189113 
; lEI 


Il132 58 
=2965 
DIl 
9191ll99ll1 
i IR1 


8133 
58 
=2966 
00 
9191999l1C 
;.~. 


9134 
5C 
=2967 
00 
811l111l10C 
;·0· 


9135 
58 
=2Il6S 
00 
819101l1l1l8 
;.~. 


11136 CIl 
=2969 
00 
119ll8881lC 
I ..• 


=2918 
DSGIOl: 


8137 
88 
=2871 
00 
IlllIlIlII888Il 
8138 
76 
=2872 
00 
811191100 
i ·H1 


8139 
GO 
=2973 
00 
811811ll1B 
; ·S· 


91311 79 
=2874 
00 
91111891C 
; lEI 


llUIl 
4Il 
=2875 
00 
8188ll98llE 
'-' 
813C 66 
=2876 
00 
811881100 
; 14· 


8130 
E7 
=2877 
00 
111881118 
; '9. '(1") 
=2878 
DRtJj: 


813£ 
88 
=2979 
00 
88Il8888IlB 
Il13f 
4Il 
=20l)Il 
00 
818881l88B 
; 
I •• 


8141l 58 
=2881 
00 
8191llll1l81l 
; IRI 


81411C 
=2882 
00 
8!IIl111l10C 
j ·U· 


9142 
54 
=28113 
00 
819191l10C 
; IN1 


9143 
ell 
=2884 
00 
111l1l1lOOOO 
; I .• 


=2005 
OOPNT: 


11144 n 
=2886 
00 
1l1111l1l11B 
;-rl 


11145 B9 
=2007 
00 
11l111881C 
;·c.· 
=2800 
$EJECT 


inter 
AP·55A 


LOC 
OOJ 
LINE 
~~ 
STATEP£NT 


=2989 
; 


=2990 
; 
PF.:IIIlRY rotfN) RESPONSE STRII«i f'RTTUM.; 
=~; 
=2892 l)IO)' 


9146 
"19 
=2993 
00 
91111OO1B, 99111991£l, 
11119100II 
• ·ECll. 
• 


9147 
39 
9148 
F4 
=2994 
000' 


9149 
3l) 
=2995 
DB 
99111181B, 
118111898 
; ·GO.• 
914A DC 


=20% 
DfILL: 
• 


814E 
11 
=2"97 
00 
911189B1B. 001198l'J0t. 
UI111llll9B 
; 'r- IL. • 


014C J9 
0140 
£lS 
=2898 
OI.ST: 


014f. 
30 
=2E199 
DB 
99111llll9B. 
01101191C, 
11111llll9B 
; ·LST. • 


1114f GO 
9150 
Fa 
=2189 
DREC: 
9151 
JE 
=2191 
00 
991111198. 
011111011C, 19111999£l 
; "1PL. " 
9152 
73 
0153 
00 


=2192 
DREL: 


9154 
SE 
=219:1 
00 
010111100, 
019101ll91l, 19111llll9B 
j .DN-. " 


0155 
54 
0156 
B8 
=2194 
D5()' 


9157 
GO 
=2105 
DB 
91H111911l. 91111989(;, 
11111100c 
; ·ST8 .• 
0158 
7B 
9159 
FC 
=21116 DCC: 


91S1l 39 
=219i' 
00 
00111OO1C, 9911198eE, 
11111199E 
; 'Cl.£s. 
• 


01SB JB 
91SC Fe 


=2198 
DGR' 


0150 
3D 
=2199 
00 
991111018, 
1101ll9ll0B 
; "(it .. 
01SE 00 
=2119 
$EJ[CT 


inter 
AP·55A 


LOC 
OOJ 
LINE 
:am: 
51 RTD£NT 


=2111 
; 


=2112: 
1£IlOR'.' 
srACE 
ImIFIER 
orTll»l 
I"ESPl»lSE sHn~ 
=2113 
: 


=2114 
DNM:11 


9151' 
73 
=2115 
DIl 
911199110. 
11919OOl.!tl 
, "PR .• 


9169 
De 
=2116 
DM£I1' 


9161 
51: 
=2117 
DE; 
819111198. 
1'11191118 
; ·00. " 


81&2 F7 
=211& DRI'l: 


8163 
59 
=2119 
DC 
9191891l9B. 
101111918 
, ·RG, • 


9164 
EO 
=2129 
Ofm'K: 


9165 
?3 
=2121 
00 
9111ll911B, 
111111001:: 
i .pc.• 


9166 
re 
=21a~: 


81G7 SE 
=2123 
DB 
919111100, 
111111988 
; .00. 
It 


816C Fe 
=2124 
DINTRG: 


9169 
76 
=2125 
00 
811191198, 
119100991l 
I·.~" 
816A De 
=2126 
; 


=2127 
; 
RE5PW.>E I1ESSffi[$ 
Fc.l 
GO e(HlITll»l 
ImIFl~R;; 


=2128 
j 


=2129 
DIllIlRK' 


9168 
54 
=2130 
DB 
91919100e, 
111111900 
;.~. 


916C 
Fe 
=2131 
[)I(lI:I:': 


91Gll lC 
=2132 
DIl 
911111900, 
11918l!ll9B 
i liaR. " 


91GE De 
=2133 
DSs: 
81CF 61) 
=2134 
DB 
91191191B. 
91181191ll. 
11111ll0eB 
; 's5T. 
' 


8179 
61) 


8171 
Fe 


=2135 
0f'A: 


9172 
77 
=2136 
DC 
9111911W, 911111900, 
119190090 
, "fIJ:R. 
It 


9173 
7C 


9174 
00 
=2137 
IlTk: 


8175 
77 
=2138 
DC 
91119111£J, 
91191191&, 
1111191lOO 
; "AST. " 


9176 
61> 


9177 
F8 
=2139 
; 


=2149 
SIZECH< 
9978 
=2143+ 
SIZE 
SET 
129 
=2144+; 


=214'5+; ********************_.***.**********.***.**.****** 
••*.***'" 
=2154 
$EJECT 


8OC8 97 
~1 
R;' 


9OC28938 
lIllC4 f1 
lIllC5 C61)7 
1I1IC7Fe 
IIIIC89207 
IIIICA211 
IIIIC£)47 
1IOC-C211 
IIIICO38 
lIllCf 1S 
IIIICF38 
IlOOII3478 
IlOO214EC 
IIIID497 
IIIID5114C7 


IlOO7FE 
IIIIOSD312 
900A C6C.5 
IIllOCF"B 
IlIIOOD313 
IIOOFC6C.5 


M1 
BRII2 
1lllE32490 
1IOC5IJS46 
M7 
89113 
00E9 E4F5 
IlllEDm 


=2155 
COOEIU(4S 
=21(;8+ 
fJ1ll 
192 
=2164 ; IIffCJR IIf'IJT DATIlINTOTI«l-·BYTEFmI£TER 
DlfFlR ItIllCATEDBYRII. 


=2165 ; 
RECEIYlIU6:IC 
KI:YSmJI KE'l'roflD tMTIl ',' 
(f/ , 
'. 


=2166 ; 
SHIn 
INTOfm'ES$ 
IllffEF; 
=2167 ; 
RE-IIIIlE DISI'lRV. 
=2168 ; 
IF IUtlI:R OF ~IJfTS 
I£[J)[I) IS ZEro, N) IEIl Pff-'lf£T[RS fIlE FU.IIEI>. 
=2169 ; 
=2178 I~: 
ClR 
=2171 
CPl 
=2172 
IIIJV 
=2101+ 
IfJV 
=21S2l 
IfJV 
=21S6 
JZ 
=2187 INPA01: I(lI,I 
=21Sll 
JB4 
=2US 
XCH 
=21911 
SIoIlP 
=2191 
XCIi 
=2192 
XCII> 
=219~ 
It«: 
=2194 
XCII) 
=2195 
CfU 
=2196 
CfLl 
=2197 
cu: 
=2198 
J1'I' 
=2199 ; 
=22IIll ; U.~Irt 
IF KEY=',' OR '. ' TI£N REH.Im. 


=2'.1111; 
=2'm llSIrt: 
IfJV 
=22113 
XRI. 


=22114 
JZ 
=2211S 
IfJV 
=22116 
XRl 
=22117 
12 
=22118; 
=22119; 
=22111; 
=2'.111 
IfJV 
=2212 
JIll 
=2213 ElSIF2: 
IfJV 
=2214 
IfJV 
=2215 
Cft.l 
=2216 
RET 
=2211 
SIZECHK 
=22211+ SIZE 
SET 
44 
=2221+; 
=2'.a2+; $$*$$--$$_~_***$ 
$_ 


=2231 $EJECT 


C 


C 
fl,1Um/ 
RLIIUrol 
fUR1 
ElSIf1 


A, KEY 
am1 
A,(IRII 


A 
R,@RII 
fl,(IRII 
RII 


fl,@R(j 
If'I)H)R 
IIf'1([Y 


C 
Itf'fl>1 


fl,KE\' 
It II(rnlXT 
ElSIF2 
1tKE'l' 
A,IKEYEIf) 
H5IF2 


lDATA,12 
~ 
RII,ISEGIR' 
Ri,13 
00lfH( 


8178 1l93A 
917A C193 


017C F9 
017D UJ 
9171 S39F 
9188 
9GCE 
9182 D40B 
9184 Fe 
9185 47 
9186 5391" 
9188 9692 
01Sfl D400 
010C 2494 
91SE D4D] 
9199 Fll 
9191 47 
9192 D4D3 
8194 F0 
9195 D4D3 
9197 83 


=2232 
COO£RK 3S 
=2242~ 
lJlG 
376 
=2246 ; lJ'tIfllR lJ1)flTt fIlORBS FIElD 
(LAST m![ CIHlIlCTERS(F DISPLAY) Willi flII)f(ESS IUFEk 
=2248 Lf'I)fI)R. IftJY 
I£)(TPL, PlUS3 
=2259~ 
lIlY 
1<1.1I£XTPl. 


=22G8t 
IKlY 
@R1,1f'lU'..•3 
=2264 ; 
~1Tt 
fI)()R INTOIUT 
TIf.:EEl:lJ'FER LOCATIlJlS. 


=2265 lJ'DfD1. 
I'llY 
A,l!R8 
=22£6 
OC:C 
~1l 
=226l 
fN. 
A.. tern 


=2268 
JNZ 
D!>I'HI 
=2269 
au 
II>lg' 


=2270 
1'I0V 
Po, l!R8 
=2271 
~ 
A 
=2'.172 
IN. 
A,terH 
=2273 
JNZ 
DSNl1 
=2274 
(;IU 
II>ISP 
=227S 
JIt' 
DSPlO 
=2276 DSPIIi. 
CfU 
DSPOCC 
=2277 DSPIlID. IKlY 
fl, f!R9 
=227ll 
~ 
A 
=2279 DSPIl1 
au 
DSPOCC 
=2'.1l8 l!SPlO. 
I'KN 
fl, l!R8 
=22r.1 
CIU 
DSI'ACC 
=22l:2 
~l 
=2283 
'>IZECII( 
=22l:6~ 
SIZ£ 
~ 
32 
=2'.1S7i; 


=22Sl)+;**--******-*---*.----- 
=2297 $EJECT 


1l19lJ Bfl94 
1l19A Br92 
0191: 7401 
919E 27 
91~ 
1)7 
91A0 FO 
91A1 D317 
01A3C6GG 
81f15 27 
Bill(; 3400 


91P.3 FA 
81A9 [)403 


81RE) D93D 
0111> 011 F 
81A1' 14EC 
81E1 FO 
9182 D313 
91B4 %9lJ 
91B6 8429 


9292 8936 
9284 61 
ll285 83 


ll206 lJ" 
lI287 28 
~22 
8299 1R 
82811 11 
9200 16 
920C 2C 
8200 
2f.: 


829E 
~ 


=22')8 
CODEELK35 
=2300+ 
(JlG 
400 
=2312; 
r'ERROR: 
REPERT 
=2313 ; 
OOTPULI£S$/Q 
(PEllROIU'Rm'T) 
=2314 , 
()JTI'IJT(LDATA) 
=2315; 
ClU 
Itf'lJUl'1'lE(I(lI') 
=2316 ; 
UNTIL KEI'=' CLEfJU'rl.1:YI()J5' 


=2317 I\'CRPOR' "0',' 
WATn, 14 
=~318 PERRIJ<. PlOY 
XPCOO[,.2 
(,;fU 
xrTEST 


=2328 
CLR 
A 
=2321 
PlOY 
r-<JW. A 
=2322 
PlOY 
R. KEV 
=2323 
XRL 
fl, IKEI'U.R 
=2324 
JZ 
ERm<.1 
=2325 
CLR 
fl 
=2326 
CALL 
UUTUlL 
=2327 
PlOY 
A, LDATR 
=232£ 
au 
DSPOCC 
=2329 
/tllJ'y' 
1<b'I!CtJ'.NEG1 
=2349+ 
PlOY 
1(1,II(I)[)(JLf 
=2341+ 
PlOY 
~1, 
HG1 
=2345 
au 
ltf'1(lV 
=2346 
PlOY 
fl. KEV 
=2341 
~t 
A, MI'EM) 
=2348 
.1HZ 
RERROR 
=2349 E~2: 
JPlP 
IIlIN 
=2358 
5 IZlCI D( 


=2353+ 
SIZE 
S£.T 
32 
=2354+; 


=2355+ ; **************'l;**************************~*********;********* 
=2364 ; 
=2~ 
COOEIJI..K89 
=23D9+ 
()I:'G 
512 


=2384 ; IPlPlE" 
IP.'LU£NT 
CtlftH) 
=2,'B5 IIf'l[" 
PlOY 
fI, .U)/(JIf'TBU 
=2336 
IIlOO 
A..BCOOC 
=2392+ 
PlOY 
1l1,IBCOO[ 
=2393+ 
fl)I) 
A,lIR1 
=2397 
JIf'f' 
@A 
=2~ 
; 
=2399 Jlf'TBL: 
=2400 
=2481 
=2492 
=2483 


=2484 
=2485 
=2486 
=2487 
=2488 
=2489 ; 


=2418 JTOPlOD: JIf' 
=2411 
; 
=2412 JTlH:C. 
CLR 


L()I( JTIJlOO) 
LllI( JT06O) 
L()I(JTOfIU 
LOII(JTCl.sn 


L()I (JTlH:C) 
L()I(JTc.1EU 


L()I(~~) 


LllI(CM!lR> 
L()I(J~S) 


inter 


l.l212 !l472 
9214 042'3 


9216 5497 
9218 042'J 


821A 85 
8218 9S 
l.l21C E472 
l.l21E 0429 


ll222 ~S 
9224 0429 


8228 Bfl99 
il22f1 442£ 


8239 f:S37 
8232 61 
lt233 111 
9234 f4ll9 
il236 F8 
8237 0313 
0239 C64D 
9238 14EC 


9230 D93S 
8231' C191 
9241 !l839 
lt243 B899 


9245 0931 
8247 8199 
8249 14C9 
8'<,48 [634 
924[> 0429 


fFILEO 
IlI1iN 
=2413 
=2414 
=2415 ; 
=2416 J10R£L 
CflL 
fJ<ECIN 


=2417 
JIf' 
''IIUN 
=2411) ; 
=2419 JTIl.ST. 
CLR 
=2429 
CPI.. 


=2421 
CfU 
=2422 
JI'f' 
=2423 ; 
=2424 HOGO 
JIf' 
=2425 ; 
=2426 JlOFIL. 
CIU 
CMIL 
=2427 
JI'f' 
IlflIN 
=2423 ; 
=2429 J~~. 
JI'I' 
=2439 ; 
=2431; 
COIlllR COIftM) 
TO QEf'f 
BREAKPOINTS 
=2432 Clft:llR. 
I{)Y 
UlRTA,t9 
=2433 
JI'f' 
BRKFIL 
=2434 ; 
=2435 ; COIlSBRCOI1IflN) TO sn BREAKt'OIN1S 
=2436 WlSVR 
I{)Y 
LDflTfl,11 
=2437 BRKFiL. I{)Y 
A.14 
=2438 
IflDO 
IVPb fl 
=2448+ 
/'IOV 
F:1,ITVPE 
=2449·1 
ADD 
fl, @R1 
=2455+ 
MOY 
I!rd., fl 
=2459 BRKNXT.CALL 
LSTORE: 
=2469 
/'IOV 
A,Kl\' 
=2461 
XRl. 
A, 11([\'[11) 


=2462 
Ji 
IiRKOO 
=2463 
CALL 
III'ID' 
=2464 
1ftJ\I~, 
f'Ll£1 
=2475+ 
I{)Y 
Ri, IIU'[(Jj 
=2476+ 
I{)Y 
@R1,1PLl£1 
=2489 
/'IOV 
~0, 1SIft.0 
=2481 
ru.'~, 
18 
=2482 
I9lOV 
SIftlI, 
ZERO 
=2493+ 
/'IOV 
Rl, ISI'H1I 
=2494+ 
/'IOV 
@R1,IZERO 
=2498 
CALL 
1Nf'flDR 
=2499 
JNC 
IJRKI«T 
=~"ee 
1lRK[1IJ 
JI'f' 
IfllN 
=2501 
SIZECllK 
=2504·: 
SIZE 
Sll 
79 
=2595+; 


=2596+; **********************************.•*~*******************_* 


Fe 
Fe 
HFILEO 
"UN 


825ll 
0937 
8252 
F1 
8253 
9326 
9255 
3402 
ll2S7 C831 
8259 
347C 
925B 2348 
ll2SD [)400 


1125F 14FC 
0261 
FA 
9262 47 
9263 
1)41)3 


92C5 FA 
lI266 1)41)3 


926Il FE 
926Il 9278 


9'.161>~A 


0261: 47 
92a' 
53f9 
9271 
B67S 
9273 
27 
9274 
9S 
9275 
6Il 


9276 
All 
9277 
F4S9 
9279 
4459 


=2516 
coorn.K 
75 
=2531-1 
(JlG 
591 
=~3S 
; EXIIIIN EXIIIIIVImIF\' 
1UOl't' 
C(ftIN). 


=2536 
; 
()ISPI..RYS IIJ01Y 
Al)()RES5 5POCE OPT!()l, ~5 
'Mol(, 
IN) 
ClJlRENT OOTA. 


=2537 
; 
RERY:; mIDJll) 
IN) 
INTERN.'ETS RESPIJa. 


=2538 
; 


=2539 
; 


=2549 
EXIIIIN: 
ClR 
=2541 
EXffl9: 
PIIJII 
=~t 
IUt' 


=2551+ 
IUt' 
=~ 
ADD 
=2556 
Cll.L 
=2557 
1«)',' 


=2SSC 
CALL 
=2559 
I(lY 
=~ 
Cfl.L 
=25(.1 
CfU 


=2562 
IUt' 
=2563 
5IIlP 
=2564 
au 
=2SCS 
IUt' 
=2566 
CfU. 


=2567 
; 
=2568 
.; 
=2569 
; 
=2579 
; 
=2571 
; 


=2572 
; 
=2573 
; 
=2574 
; 


=2575 
; 
=2576 
; 
=2577 
; 


=257lJ ; 
=2579 
; 
=2588 


=2S81 
=2597+ 
=2691 
=2602 
; 
=2683 ; 
=2684 
; 
=2C9S ; 
=2696 
; 
=2697 


=2GOO 


=2C99 
=2619 
=2611 
=2612 
=2613 lxr«i: 


=2614 
=2615 
=261(; 


F9 
A, 'M'E 
rd,ITVPE 


A, l!R1 
fl,I5TR1£II 


OOlClR 
R9, ••..1R.Q-f1 


tJ'M)1 
Po,I819919llllf) 


11>151" 
LFETOJ 
A, lDflTA 


fl 
()C.J'f[C 


A, LOflTA 
D~ 


IIf'UT J([V(K£V) 
IF (K[',' 
IS 1«11 NJERIC) 
IF (KEY=KEYEN» GO TO PARSER 
ELSEn 
(KEY=Krn£XT) 
INCI1EPENT(SIfl) 


0010 
EXIII IN 
ELSEIF 
(KEY=KEYl'REVIOOS) 
()[CREPENT <5If1) 
0010 
EXfIII N 


ELSE OOTo r~ 


au 
IftlY 
IUt' 
JE14 


1If'KE\' 
A, KEY 


f:,KEY 
EXAII1 


ffl'EN) 
DAlP. WITH (LlMHEL(KlY» 


CfU 
LSTORE 
GOTo EXAIIIN 


IUt' 
A, LDAm 
$IR' 
fl 
flit. 
A, I9FllH 


JF9 
EXIllS 
CLR 
A 
Cf1. 
F9 
AOO 
fl,KEY 


Pll'1 
lDflTA, A 


Cfli 
L5TORE 
JIf' 
EXAIIl 


inter 


9278 1>313 
9270 96S1 
8271' 0429 


82m FIl 
8282 D312 
8284 96SA 
8286 34F2 
828S 444F 
828A rn 
82CBD317 
82ro 
96!13 
82l)f"54f4 
8291 444F 
9293 B003 
8295 249ft 


99E:C 
llllECD4C2 
9llEE III 
9llEF 83 


=2617 ; 
=2618 EXIIt1. 
XRL 
=2619 
JNZ 
=2Q8 
JIll 
=2621 ; 
=2622 EXAIl2: 
=2(;23 
=2624 
=2625 
=2626 
=2(;27 EXflIO: 
=2628 
=2629 
=2639 
=2631 
=2632 EXAII4: 


=2C33 
=2634 
=2637+ SIZE 
=2638+; 
=26391;**111•• __ 
•••••• 
_ 


=2648 ; 
=2649 
COOEEIJ(4 
=2654+ 
lJ<G 
m 
=2658 III'KI:Y: Cfli 
J(BI)IN 
=2659 
lIlY 
KEY,A 
=2669 
Ii.'ET 
=:1661 
5IZECll< 
=2664" 
SIZE sa 
4 
=2665"; 
=2666+;**- 
•••• -****-_ 
••• - 
=2675 $EJECT 


fI, I(I([','EN» 
EXIII2 
"UN 


lIlY 
fI,KE't' 
XRL 
fI,1KE't'NXT 
JNZ 
EXfII3 
Cfli 
It«:SIIl 
JII' 
EXII'IN 
lIlY 
fl,KEY 
XRL 
fI,1KE't'ClR 
JN2 
EXAII4 
Cfli 
DECSIIl 
JII' 
EXIlIIIN 
lIlY 
LOOTA,183H 
JII' 
~ 
mEClI( 
SET 
72 


2676 $ 
nnLOC ( :F9 :GOClIlS.ID» 
=2b77 
cooatK 219 
=2697+ 
(RG 
1924 
=2791 ; EJ'RlJI 
RtJl ElU.RTIIIl 
ID)[ 
=2i'92 ; 
R[llH) 
IT WIlH SYSIDl STATUSfit) F.'ElERSE. 


=2793 ; 
SEQlEa 
IS AS rll.UIlS· 


=2794 ; 
IF WlfH> 
WAS TERIIIIftTED~ 
TIE '/£Xl' 
KEY: 
=2785 ; 
SllJ<E SI'Il INTO EP PC; 
=27116; 
STlH: IT PC INTO TIJ'-(J'-STIU 
(RWlTI'f{ 
10 IT P$W); 
=2797 ; 
PfiSS EP 1\'9; 
=2791) ; 
PASS EP f'SW; 
=2799 ; 
PASS IT TIlER; 
=2719 ; 
PASS EP fK:C\JI.lRT~ 
=2711 ; 
9489 2Je;! 
=2712 EPRIJl: 
IKJY 
0,12 
9492 34811 
=2713 
!:fl.L 
WTUTL 
=2714 
lIllY 
R,Mftnl 
9494 B9J8 
=2723-1 
IKJY 
RLIMKlIl 
9486 F1 
=2724+ 
IKJY 
R,~ 
9497 9615 
=2728 
JNZ 
EPC<IfT 
=2729 
lIllY 
lPI'CLO,SlR.O 
lI499 E9J9 
=274St 
110'1 
Fl, 1SIft.0 
9498 n 
=2746+ 
IKJY 
R,@R1 
949C 8924 
=2752+ 
IKJY 
R1, 1El'f'CL0 
949E Ai 
=2753+ 
IKJY 
@F.1,R 


=2756 
lIllY 
EPPCIlI,5111II 
949F B931 
=2m+ 
IKJY 
RLISIRlI 
9411 F1 
=2m+ 
IKJY 
A,@R1 
9412 B925 
=2779+ 
IKJY 
RLIEPPCIU 
9414 Ai 
=2788i· 
IKJY 
@R1.R 
9415 FE 
=2783 11'CIIlT: IKJY 
fl,l([\' 
941(; D312 
=2784 
XRL 
A..IKEVNXT 
9418 C01F 
=27S5 
JZ 
EPCOO. 


941R 2J91 
=2f86 
IKJY 
A..191H ; STOCKlH: LEVELDUP TO IOJ) l/!B( Sl~l 
IIIl flI)I)R[$S 
=2787 
lIllY 
I:PPSW,R 
941C B921 
=2899+ 
IKJY 
RL IEPF'SW 
941E. Ai 
=2001-1 
IKJY 
tlRi,r. 
=~ 
EPClIl1: lIllY 
LORTA..EPf'CL0 
941F 8924 
=2821+ 
IKJY 
RL IEl'f'CLO 
9421 F1 
=2822+ 
IKJY 
R.@R1 
9422 RR 
=283St 
'I'fN 
LORTA..O 
=2Il:ro 
lIllY 
R,EPPSII 
9423 B921 
=2847+ 
IlO'l 
rd., IEPPSIl 
9425 F1 
=2S48+ 
IKJY 
A..@R1 
9426 97 
=2852 
DEe 
0 
9427 5387 
=2&53 
IN. 
R,I87H 
9429 Ei' 
=2854 
RL 
R 
942fi 9398 
=2C55 
fllI) 
A..18lIl 
=2856 
lIllY 
SlR.O,A 
942C B9J9 
=2869+ 
IKJY 
RLISIR.O 
942E Ai 
=287&1· 
IKJY 
@F.1,R 
9421' F4C3 
=2874 
C1LL 
EF'STlJ1 
=2C75 
"II«: 
SlR.O 
9431 B9J9 
=2889-1 
IKJY 
RLISIR.O 
9433 F1 
=2lle1+ 
IKJY 
A..@R1 


8434 
17 
=2005+ 
I"; 
R 
8435 
Ai 
=289&t 
1m 
@R1,R 


=2893 
lIllY 
A,U'PSII 


8436 
B921 
=2982+ 
1m 
~,IEPI'SII 


8438 
F1 
=2983+ 
1m 
fl,@R1 


8439 
5Jr8 
=2987 
fit. 
fl,tefllH 


=2988 
101 
A,EPrOfI 


8438 
~ 
=2914+ 
1m 
Ri, I£f'PCIII 


8430 
41 
=2915+ 
lR 
A,@R1 


843l 
fW1 
=2919 
1m 
LDAIH, R 


8431' F4C3 
=2928 
CR.l 
EPSTIIl 


8441 
Bro1 
=2921 &00: 
11)', 
1'.'9, 1L1Il(OY2IlAS+OYSIZE) 


8443 
746A 
=2922 
au 
!M.(8) 


=2923 
lIllY 
R. EI'Il8 
84458923 
=2932+ 
1m 
[(1, II:PR8 


8447 
F1 
=293$+ 
IlN 
A, 1!R1 


844l) 
F4D8 
=2937 
CfU 
EPPASS 
=2938 
lIllY 
A, EI'PSW 


844R 
8921 
=2947-1 
1m 
R1.1E1'PSW 


844C 
F1 
=2948+ 
1m 
R,@R1 
8441) F4D8 
=2952 
au 
E)'PASS 


=2953 
IftJY 
A, Ef'TII'J: 


844F 
B922 
=2962+ 
1m 
RL IEF'TIIIl 


11451 F1 
=2963+ 
1m 
R,@R1 


8452 
F408 
=2967 
CIU 
EPNlSS 


=2%8 
lIllY 
A,D'OCC 


8454 
B928 
=2977+ 
1m 
RL IEI'OCC 
8456 
F1 
=2978+ 
1m 
A,@R1 


84:17 F408 
=2982 
ClU 
lPPRSS 
8459 
8983 
=2983 
lR 
P1, I8ll888811B 


8450 
F400 
=29C4 
CIU 
EPSTEP 


845D 
74511 
=29SS 
CIU 
0YSIIf' 


8451' 8468 
=2986 
JII' 
coo 
=2987 
; 


=2988 
; WGll 
GO FRO' 
RESET WIIN) 
=29f)9 
; 
R£SET I'ROCES~ 
=2998 
; 
RE!.(8) 
LlIl 
IJlOCR PROORfII ll'1'1ES INTO rroJRfII 
I£ImY 
=2991 
; 


8461 
2382 
=2992 
WGll: 
1m 
A, 12 


8463 
3488 
=2993 
Cfl.L 
OOlUTl 


lI46S 
fJ91e 
=2994 
lR 
PLIEPRSfI 
8467 
74511 
=2995 
CIU 
0YSIIf' 
8469 
99Ef 
=2996 
IN. 
Pi, I<I«IT 
Ef'RSEl> 


=2997 
; 


=2998 
; 


=29S9 ;coo 
SET IF IlRIJI( 
LOOIC Fill 
II'PR!I'RIATE 
BI:E/I( CIN) IT HIlS, 


=S898 
; 
DEPIJ«) 11«1 ON CONTENTS IF 'TW('. 


=3881 
; 


=3982 coo: 
IftJY 
fl,T't'l'£ 


84a) 
8937 
=3811+ 
1m 
Ri,llVPE 
84W 
F1 
=3e12+ 
1m 
fl,@R1 


846£ 
8371 
=3816 
II» 
fl, 1L1Il GOm. 


8478 
S3 
=3817 
JII'P 
f!fI 


=3818 
; 


8471 
7C 
=3819 
GOTBl: 
00 
LlIl( CGlN:) 


All mnemonics 
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9472 
76 
9471 89 
9474 
76 
9475 
89 


9476 
99fD 
ll478 flS'91 
947A 8482 


947C 99f"C 
947E 8482 


ll4Cf1 F4AC 
940C F4ftF 
048£ 37 
94sr F2~ 
9491 
f)6')9 


9493 
C48A 


9495 
['489 


9497 
S4D3 


0498 8937 
94go F1 


949E 93A1 
94A9 113 


04A1 A6 
ll4A2 SA 
94A3 SA 
94fl4 If] 
94A5 Ifl 


=3929 
=3821 
=:<822 
=3923 
=31124 ; 
=3925 
CGOPAT: 


=39<.'>(;CGOIIl: 
All. 


=39:!7 
lJ.t 
=3lI28 
JII' 
=3929 
; 
=3038 
CG(JI). 
fit. 


=3031 
JIt' 
=3932 
; 
=31m CGOTRA 
=3934 
CGOSS 
lJ:l. 


=3935 
; 
=3936 
; EPRIJl4 SE1 If' 
CIllTRll. 
LOOIC TO RtJl lUll'S 
1'ROORffI. 
=3917 
; 
~'ELEA5E ~S5IJ: 
TO 1<IJl. 
=381t: 
; 
=3939 
ErRUN4 
ORL 
=3949 
IN. 


=3041 
fit. 


=3942 
CftL 
=3943 
; 
=3944 
; 


=3945 
; 


=394G [1'!lLm 
CRLL 
=3947 
au 
crL 
J87 
JNI 


JII' 


Ull( CG(JIJ) 
LOW(CGOSS) 
L(jj( CGOPAT> 
LOW(CG()TRA) 


Pi, INJT 9llIlI9ge11B 
EProl4 


1'2, 19910091lllE 
f'2, INOT lMI19099B 
P1,INOT 
UWT 


[['REI. 


; DlSAElE. EP LIlt< IUEREI«:ES 


; SET III 
~1JU:ENClS 
TO """ 
~. 


/(fl'()L 


KBDf'Q 


A 
Ef'RIJB 


EPR1JN2 
EProl1 


=3948 
=3949 
=3859 


=3951 
=3lrJ2 
; 


=3953 
; EPRIKl 
n KE\'STROO: IllS DETECTEDl'i1LE 
EP IllS 
RLNlII«3. 


=3954 
; 
BREfI< EXECU"IIIll, 
=3955 
; 
ProCESS 
KE'/STROO:. 


=3956 
EPRIKl: 
CALL 
STSAYE 
=395i' 
JIf' 
El"'I1lM5 
=395S ; 


=3959 
; EProl2 
III EIRllED 
BREfI< aH>1TI1ll 
occtmD. 


=39C9 ; 
BREAKou.r.TIIll 
1lOO[, 


=3961 
; 
coonu: ACroWII«3 
TO GO ClmH) 
T\'I'[ 
=3eQ 
Ef'RlJ/2· 
ClilL 
STSAYE 
=39C3 
Ml\I 
A. T\'I'[ 
=3972i 
I'lO\I 
R1,ITYPE 
=3913+ 
IlO\I 
fl, lIR1 
=3877 
fI)() 
1\, lUll 
CNTTIlL 


=39711 
JII'P 
@A 
=3979 
; 


=3989 
CNTTBL: DB 
=3981 
00 
=3982 
DB 
=3983 
00 
=:s004 
DB 


UIl( 1lI\'KERR) 
UIl(EPR\Jl6 
) 
LOW(EProl6) 
LOW(CNTTRA) 
LOW(CNTTRA) 


inter 


84A6 BAlIl 


&4fI8 24911 


84I¥l 
L'928 
840C F1 
94/1) 94F2 
94ff F4IF 
84Il1 F241 


8483 14EC 
ll4B5 FB 
34Il6 D313 
941389(,(;7 
84IlA14EC 
848C FE 
9400 D312 
84Ilf 96C7 
84C1 2382 
84C3 3488 
94CS 8441 


=3886 ; ~ 
BREfl(P()INTLATCHIllS 5£·1 TlnG: 
BJ:Ef:KT'OIN1S 
I«)T Dftll.EI). 
=3887 ; 
DISf'Ul\I IfQIflR[ 
I»-~ 
IESSOOE. 


=J3S8 ERI<m1: IUt' 
lDflTfI,IOOH 
=J839 
JII' 
f'EF.'I/(J( 
=3ll9ll ; 
=3991 c:NTml. IIIJY 
=3188+ 
IUt' 
=3191+ 
IUt' 
=3185 
CfU. 


=3196 
au 
=3187 
JB7 
=3188 ; 
=3189 ; Ef'RtJ{j I1f'UT(KEY), 
=3118 ; 
IF KEY=ENDGOTOPfR'".D, 
=3111 .' 
IIf'UT m, 
=3112 ; 
IF KlYOI£XT 00 TOF~R, 
=;113 ; 
CONTIIU IN SfK ID>E. 


=3114 ; 
=3115 Ef'k1Hi: CIti 
=3116 
IUt' 
=3117 
XRl 
=3119 
JNZ 
=3119 ~: 
Cfll 
=3128 
IUt' 
=3121 
XRl. 


=3122 
JNZ 
=3123 
IUt' 
=3124 
CfU. 


=3125 
JII' 
=3126 ; 
=3127 ; EPI\'£T 
=3128 ; 
=3129 EPRET: 
=3138 ; 
=3131 
SIZECItC 
=3134+ SIZE 
SET 
291 
=;135+; 
=31JG+;•••._ 
•••• _ 
••_._.** 
**__ 
t__ 


=3145 $EJECT 


R,DSPTI" 
RLIOSPTI" 
n.~ 
DELAY 
KOOPll. 
EPCNT 


IIf'KEY 
fl,rn' 
A,IKf:.YEND 
rn:E1 
IIf'I([V 
fI, I([Y 
fI,IKEYNXl 
lJ'RET 
fI,'2 
IlJTUTl 


EF'CNT 


EXECUTIII'ID>E IS TOIE TERIIIIflTED. 
JtJF 
INl0 I'fRSD! TO INTm'RET rn' AlREfI)YDETEClED. 


JII' 
"UN2 


esee 
744/- 


8:i92 2393 
8594 
3488 
ll58G 745/1 
eses 
Bear· 


llS9fl 7461l 
85eC 8fl28 
llSIlE 2314 
9518 
91 
9511 
9fl)F 
9513 
8983 
8515 
F4DB 
8517 
EA28 
95199fU 
9518 
&91H 


9510 
F400 


8'.l1F BlJA5 


9S21 7461': 
8523 
F4D8 


8:i25 B928 
8527 
Ai 
852S F4D8 


852A 8922 
852C Ai 
8521) F4D8 


852F am 
9531 
Ai 
9S32 F4D8 


9534 
8923 
8536 
Ai 
9537 
C8IlB 
8539 
7461l 


9:i3B b'921 
953D F1 
1153E 87 
95Jr 
5397 


EJ'CRl( 
R,13 
MUll 
OYSIIJ' 
~:8.1l1ll( 
OY8llAS+OYSI2D 
(MOO> 
P2. 1881888988 
fI, 114H 
l!fd., A 


P2,INJT 
8818888118 
Pi., 1888888111l 
ErSTEP 
P2, 180108888B 


P2, 'OOT 888188881l 
Pi, I (0flRAI'l (J: EN3lN() 


EI'STEI' 


~CUTION 
PROC£SSlJ: IS 101 liT LOCIlTlIJl 88911 INTERIR. 
III TH 


(REnJ:N 
FanSS+2) 
PUSlED ON STRCI(. 


NlY 
CfU 
CfU 
ItlOY 


I10V 


I10V 
CfLL 
I'IlOY 
NlY 
NlY 
l1l.L 


lIllY 
NlY 
NlY 
Cfll 
lIllY 
NlY 
NlY 
I'lN 
CfU 


PI'IJ\I 
NlY 
NlY 
DEC 
fH. 


Re, 1l1ll(OY3BAS+ OYSIZE> 


(MOO> 
IJ1'ASS 
EPflCC,fl 


~1.IEPOCC 


~R 
EPl'ASS 
EPTI/'I(, A 
RL I(PTI!J: 
@R1,A 


EPf'flSS 
EPf'SIl, R 
RL IEf'PSIl 
@R1,A 


H'PflSS 
EPR8,A 


RLIEPR8 
@R1,A 
Re, 1l1ll(OYiBAS·IOYSIZD 
(MOOD 
fl, Ef'PSIl 
rd.. IEPPSIl 
A,@fd 


A 
fl,187H 


=3146 
COOEBLJ(115 
=3171+ 
lRG 
1200 
=3175 
; STSAYE EP STRTUS SIM 
SlmXJTlI£. 


=3176 
; 
F(J:C[ 
CfLL TO LOC 814H; 


=3177 
; 
SIM 
EP occ; 


=3178 
; 
SfM: IT TIIG; 
=5179 
; 
Sf)',{ 
Ef' pe-.,Il; 


=3188 
.; 
SA'VEEP Re; 
=3181 
; 
SR'IE EP T(f'-Cf·~OCK 
IN EP PC; 
=3182 
; 
1<EnJ:N. 


=3183 
STSIM: 
Cfl.L 


=3184 
NlY 
=3185 
CfLL 
=3186 
CIU 
=3187 
NlY 
=3188 
CFLL 
=3189 
!Ja. 


=3198 
trJ, 
=3191 
IlOI/X 
=3192 
fH. 


=3193 
In 
=3194 
CfU 
=3195 
!Ja. 


=31% 
AN. 


=3197 
!Ja. 


=3198 
au 
=3199 
; 


=3298 
; 


=3281 
; 


=3282 
; 
=Q83 
=3294 
=3285 
=3286 
=3219+ 
=5228+ 
=3224 
=3225 
=3238+ 
=32:59+ 


=3243 
=3244 
=3257+ 
=32~!l+ 
=3262 
=3263 
=3276+ 
=3277+ 
=3281 
=3282 
=3283 
=3292+ 
=3293+ 
=3297 
=3298 


_ .._J ....~•..•. 


8541 
E7 
=3299 
Rl 
II 


8542 
8380 
=3388 
fill) 
A, Ill8H 


=3381 
lIllY 
5Ift.O, 
A 


ll544 
B9J8 
=3314+ 
IVII 
RLISIR.O 


ll54G Ai 
=3315+ 
IVII 
@ld,R 


8547 
F487 
=3319 
Cfl.l 
EPFET 


8549 
83fT: 
=3J28 
fill) 
Itl-2 


ll548 
IV! 
=3J21 
IVII 
WR1A.fl 


=3J22 
lIllY 
EPPClO,R 
854C 0924 
=JJJ5+ 
IVII 
RLIEPPClO 


ll54E Ai 
=JJJG+ 
IVII 
f!R1, A 


854f 
F4C3 
=3:S411 
CfI.l 
EPST~ 
8551 
B9J8 
=3341 
IVII 
RLISIR.O 


11553 11 
=3342 
II«: 
lIR1 


ll554 
F487 
=3343 
au 
EJ'FET 
~IV! 
=3344 
IVII 
lDflTA. n 


8557 
5JF8 
=3345 
IR 
A. .1U1888llB 


8559 
2A 
=:S346 
XCII 
f1,lDATA 


855A 1JfF 
=3347 
fIlOC 
A.'-1 
85SC 5J8f 
=3348 
III.. 
fI, 188lI811119 


=3349 
lIllY 
EI'f'CIII,R 
855E D925 
=3362+ 
IVII 
RL IU'f'CIII 


ll568 
Ai 
=3J63+ 
IVII 
@R1,n 


8561 
4R 
=3J67 
~ 
fI, lDflTR 


!lS62 IV! 
=3J68 
IVII 
lDATA.1l 


ll56J 
F4C3 
=3369 
ClU 
EPST~ 
856S 
Il825 
=3378 
IVII 
D), IIJ'PCHI 


W!:Iil 
347C 
=3371 
CIl.l 
lJ1)fI)1 


8569 
2J411 
=3372 
IVII 
fI, 1818ll8888B 
; 0- ° F~ 
DISPlRY 


~ 
D4D8 
=337J 
CIlll 
lC)ISP 
ll56/) B828 
=3374 
IVII 
~,IEPOCC 


ll56F 
3498 
=1s75 
Cfl.l 
~ID 
8571 
CJ 
=3376 
RET 


=:S377 
SIZECII< 


8872 
=3J88+ 
SIZE 
SO 
U4 
=1l81+; 
=1l82+; 
•• ___ 
t•••_ 
••t_ ••••t•••••__ 
••t••• 


=1191 
$EJECT 


8297 34CD 
8299 D31A 
829B C6E0 
029D D31A 
829f 
D3JA 
82A1 9697 


Il2AJ 000ll 
ll2fl5 14F0 


02fl7 E941 
82fl9 Ai 
82AA 141'0 


920C B931 
Il2fE A1 
82fF 
14F0 


82&1 B9J0 
82&3 fl1 
8284 14f0 


8286 8942 
82B8 Ai 


82E9 8941 
82BIl F1 
020C ca:c 


82BE 14F0 
02C0 If! 
ll2C1 r400 
82C3 341'2 


82C5 8941 
ll2C7 F1 
82C8 07 
82(;9 Ai 
82CA 44Il9 


82CC 34CD 
82C£ D3Jl· 
8200 C6DB 
8202 D3Jr 
021>4 348A 
ll2D6 14F2 


; (L"R) 
; (Lf) 


; SWITCHBACKTO DATAClflRACTER 
; JOIN Sl&.'OUl lIE 
fU<Ero\' 
IN PROORESS 
;DlnO 


llULOC( :HI:If'ILE 
I'Q) 
EQU 
OOH 
EQU 
lRl 
[00 
1AH 


3m $ 
=3J93 
CHRRCR 
=3J94 
C1m.F 
=3395 CNTRLZ 
=3396 ; 
=3397 
COOEBlK S0 
=3412+ 
mG 
66J 
=3416 ; IIRECIN I£XFILE RErnlD 
IIf'UT roJTH£ 
=3417 IJICIN 
CAlL 
Cl-R:IN 
=3418 
XRI. 
A, ICNTRLZ 
=3419 
JZ 
I)(H 
=3420 
XRI. 
A, ICN'M.Z 
=3421 
XRI. 
A, 1(' 
') 


=3422 
JHZ 
IJICIN 
=3423 
ItlOV 
()I(SUI'I, lERO 
=3428+ 
1m 
CH(SUI'I,IZE~ 
=3432 
CfLL 
CYTEIN 
=3433 
IftJV 
BlFCNT, II 
=3446+ 
1m 
R1, If:llHNT 
=3447+ 
/'IOV 
@R1,A 
=3451 
CflL 
CYTEIN 
=3452 
IftlV 
S/RlI, 
II 
=3465+ 
1m 
~1.ISIfiII 
=3466+ 
IlOV 
@R1,A 
=3470 
CfU 
BYTEIN 
=3471 
IftlV 
Sl'RO, A 
=3484+ 
1m 
Ri, ISI'lALO 
=3485-1 
1m 
iR1, A 
=34lJ9 
Cfl.L 
ME IN 
=3490 
IftlV 
RECTVP.1l 
=35031 
1m 
Ri, IREC1W 
=3504+ 
1m 
@Ri,II 
=3508 ; 
=3509; 
II>flTIN I£X DATABYTE IN 
=3510 fl)ftTIN: 
IftlV 
A,BlFCNT 
=3519+ 
/'IOV 
k1, ISlFCNT 
=JS2&+ 
/'IOV 
A,@R1 
=3524 
JZ 
R£CI)(Ij 
=3525 
CALL 
BYTEIN 
=3526 
/'IOV 
LOliTA,A 


=3527 
ClU 
LSTlM: 
=J528 
CALL 
II«:SIIl 
=J529 
I'I)[C 
EltfCNT 
=3534+ 
1m 
1':1,IBlFCNT 
=3535+ 
1m 
A,@R1 
=3539+ 
DEC 
A 
=3544+ 
IlOV 
l!I11,II 
=3547 
JIf' 
II>flTIN 
=3548 ; 
=3549 RECOON: CfU 
=3559 
XRL 
=3551 
JZ 
=3552 
XRI. 


=3553 
ClU 
=~ 
au 


CIIlRIN 
A,I('?') 


CK5I'O< 
A,I('?') 


NIBIN2 
1l'1'TE11 


8200 FD 
ll2D9 9GB 


8200 B942 
e200 F1 
82DE CG97 


82E1 IlAOC 
82E3 249A 


88f8 
34E8 
88f2 
47 
88F3 AA 
88f4 
3488 


88fE; 411 
88f7 
AA 
88fE ro 
88F9 AI) 
88fA FA 
8lFB 83 


81BS 34Cl> 
8100 1l:lC6 


818(; E6(;2 


81BE 831"9 
81C8 E6CS 


=~ 
=SSSG 
=3557 
IKlY 
=3573{· 
IlOY 
=3'S77 
JN2 


=3S7E 0(510< "'N 
=3S87t 
IlOY 
=3581)+ 
l'KJ'i 
=3592 
JZ 
=3593 ; 
=35S4 ; ()(fE 
I£X FIlE 
~CTlI' 
f<ECEII'ED 
=:5595 DIH:: 
~T 
=35% 
; 


=3597 ; lRERR 
Cl£CKSlJl EI<Rll/ IN Irt'UT REro\'D DETECT[D 
=359E Cll(ERf,:: IlOY 
loom, 
I8CH 
=3599 
JI1P 
F'l~ 
=3688 
SIZECII< 
=3603+ 
':.IZE 
SET 
78 
=3694·1·, 


=3605+; **************** 
__ *************_*-"***_·*1·*******1·** 
=3614 ; 
=3615 
COOEIllK 12 
=362&+ 
~ 
248 
=3624 ;[,",'TEIN L'I'TE Itf'UT ~II£. 
=3625 ; 
RECEIVES 00 I£XlDECl1R. 
C1HlflCID.'$ FM 
HE 
TM 
Itf'UT OCYlCE 
=3G:!6 ; 
fN) nsSIJ'IIll.ES THE" INTO A SIOOU. BYTE (}" DATA. 


=3627 [J','lEIN: 
au 
NISIN 
=3628 Bl'TEI1: 
~ 
A 
=3629 
IlOY 
lOOTA,R 
=3638 
CfU 
NISIN 
=3631 
rmL 
lOATH,A 
=3648+ 
~ 
n, loom 
=3668+ 
IlOY 
lOATA,A 
=3664 
f()I) 
A,Clll<Slt! 
=3665 
IlOY 
C11<SU'l.A 
=36E;6 
IlOY 
A,lDATA 
=3667 
~T 
=3E;G8 
SIZECII( 
=3671 t 
SIZE 
SET 
12 
=:lG72+; 


=3C13+; --****-***--******-**---*- 
=3W2 
; 
=36E3 
COOEBI..K~ 


=:SE;93t 
om 
448 
=3697 ; NISIN 
RECEIYES A IEXlDECl11Al. CHARRCTE~fN) I'ROOI.JCESA IlIlSKEDr~ 
BIT Yfl.lE. 


=36~ 
; 
I()TE· 
ERRlJ1 C1ECKINli l.l<H. TO YE~lrv 
I£XlDECllft. 
YAlIDIT\' 
=3699 NIBIN: 
au 
CIIARIN 
=3788 NIBIN2: 
ADD 
fl, I-]Ai 
=3781 
=3782 
=3783 
=3784 
=3785 ; 
=3796 ; 
=3787 ; 


; (RlSll 
T F(Jl IO/-J'1' ClR:ACTERS IS AS IF 
; 
Bl'TEIN IflS CfLlED ) 
A.Cll(Slt! 
A..Cll<S1..•• 


lRERR 
A, RCcrvr 


~1, tRECT\'P 
A,@Il1 
flRECIN 


; tl:C=eF6-eFF 
FlJ< C1R1KTlRS 
'8'-'9' 


; CHff!flCID:S ) 
'9' 
f'R(l)(.Q 
OYEkfllll 
NIBI3 
A,I··7 
RSClI:R 


; ACC:ft·5 F(Jl CImOCllRS 
'A'-'IJ 


; Ef<m 
IF ClfRACTER BElll:EN 
'9' 
AN) 'A' 


91C2 8JrA 
91C4 8318 


81C6E6C9 
81CS 83 


91C9 ~ 
81C3 249A 


81(;1) D449 
91CF 537F 
01D1 83 


;ACC=eFlIf-·llfFH FOO ClK'fC1E1:$ 
'8'-'F' 
; /lCC=88If-llfH Fc.1 CImlCILRS 
'8' -'F'; 
; CM.kHlIl 
IF OOOYEIS TRI.[. 


=3788 NlBl3: 
ft)l) 
=3789 
ADO 
=3718 
=3711 
=3712 
=3713 ; 
=3714 
;fl'".£EJ::RIllEGfI. 
f£XIDECHR. 
OflROCTER k'[C[IYED 
=3715 ASCERR: I'm 
lDATrl,lllfll 
=3716 
JI'I' 
PERRc.1 
=3717 
SIZECIt( 
=37211t 
~IZE 
SET 
21 
=3721+; 
=3722+ ; •• **•••••***••••_"$« ••••• *.**•••**_ •••*,...•**••*,...•••****** 
=3731 ; 
=3732 ; 
=3733 
COO[I.'U( 5 


=3743+ 
OOJ 
461 
=3747 ; O~IN 
~TER 
IIf'U) 
ROOTII£. 
=3748 ; 
RECEI'r'E~ 01£ ASCII CIflRACTERFrol'I 11£ lOOICft 
I\ffi)£R 
DEYItE 
=3749 Ch'ARIN CAll 
CIN 
=3758 
1M. 
A, .7FH 
=~q51 
k£T 
=37'52 
~IZECII< 
=3755+ 
~IZE 
sn 
~ 
=3756+; 


=3757+; *••*.*••••*••***•••••••••••••***._••*-*** 
•••_.* •••- 
=3766 ; 
=3767 ; 
=3768 $EJECT 


~12 B931 
9574 F1 
9575 B9:lS 
957l 
fl1 


ll:i7C B939 


~7A 
F1 
957B B934 
il:l7l> Ai 


957E rooo 
9SOO B865 


llS82 14FC 
9S84 FA 
9S85 A9 
9586 
18 
9587 B4E2 
lIS89 £6% 
9581l 34F2 
ll500 FB 
95fJE 9J81l 
9598 E682 
9592 D489 
llS94 A4i'2 


9596 
D49ll 
959S 
B6I17 
959A 341>2 
1159C E8AE 


1159E 1'8 
059F OJ 
llSA9 1XA7 
9SA2 B4IJl) 
9SA4 18 
llSAS A49E 
lJlA7 3402 
ll5A9 2310 
llSAB 00lr> 
9Sfll 83 


=3769 
COO(BlK 199 
=3794+ 
~ 
1394 
=3798 
;..-1 LEO t£x 
FI LE OUTPUTSlJlROUTIHE 
=3799 ; 
"EN CALLEDWITH 1'9=9 IJJTPUT IS STfH)m) 
I£X FILE FWlfll 
=J800; 
WHENCRlLED 101m: F9=1 OIJ1f1JT IS FOOffilTEV DATADlW 
TO CRT. 


=3001 HFILEO 
ItKJY 
I£~ 
L 9flH I 
=:lB17+ 
I'IOV 
Rl, t<"--Iml 
=3818+ 
I'IOV 
n, @IU 
=:re24+ 
/'ll\I 
Ri, tI1El'IlI 
=J82S+ 
I10Y 
@R1,0 
=382lJ 
ItKJY 
1£1'l0, SlR..O 
=Jr44+ 
I10Y 
Rl, .Slft.0 
=J845+ 
I'IOV 
A, flR1 
=3851+ 
I'tJY 
R1, 1l'E1t.0 
=:lS52+ 
I'IOV 
~1, 
A 
=3855 
ItKJY 
C1I:SUI'l,tERO 
=3869+ 
/'ll\I 
ClI<SUI'l,'ZEro 
=3864 
I'llV 
Re, ~ 
=Jl!65 
; 


=386C; lDB\'TE lOOO NEXT B'r'TE FWl 
I£IUI\' 
INTO fEX BLfFH: 
=3867 LDOYTE: CIU 
lFETUI 
=J86ll 
ItJV 
ft, lDATA 
=JS69 
IlN~, 
A 
=3879 
INC 
R9 
=3S71 
CAlL 
CII'IflS 
=3812 
JNC 
EM)Fll 
=3873 
CPU 
INC'"JI'lA 
=3874 
leI 
A, f<9 
=JSJ75 
Rl>D 
A, .- (BtRlN+I£XSLf) 
=3f:76 
JNC 
lOO\'TE 
=3877 
CIlLl 
HRECO 
=3878 
.lit' 
..-ILEO 
=3879 
; 
=3W9 
; ElUll 
00 
lEX FILE TRAN9HSSIlJl 
=38&1 ; 
PRINT OUT BtIT[R 
FOR lAST DArn ~CORO 
=3882 
; 
PRINT OOT ClN£O 
'ENHl-F1lE' 
RECORD 
=38&3 ; 
RETlJ'N. 
=3884 EN>Fll. 
CALL 
=3n8S 
JF9 
=3OOG 
CALL 
=J8Il7 
I'tJY 
=3re8 
[P{)f" 1 : 
I'IOV 
=3889 
I{lYI' 
=3899 
JZ 
=3891 
CIU 
=3892 
11£ 
=3893 
.lit" 
=3894 Ifl)IH: CAll 
=3895 
ltJy 
=3896 
CllL 
=3897 
R£T 
=3898 .; 


=:w99 ; [(}"REC CHARACTERSkTlI¥.i FIl1 rfllf£D 
ENl>-OF-FllE 
RECll1D Fll': 
=3999 ; 
INTEL lEX FILE Fll1I'tAT STRt.'OARD. 


=3991 EOFr.:EC: DC 
' 
:OOll99OO1FF' 


HRECO 
fF\)()£ 


TCRLFO 
~'8, '(l~ 
EOFREC) 
ft, f<9 
n, f!A 
"-[)(I£ 


C1flRO 
Re 
IN>f1 
TGRLFO 
R, ICHTli'LZ 


CfflRO 


95Il2 39393939 
ll5B6 30314646 
05IlA 09 


8600 FS 
96111 8398 


0603 8941 
ll605 Ai 
868C 341>2 
8608 2328 
860A Il4ro 
860C fl617 
868E 233A 
8M8 Il4ro 


8612 8941 
9614 F1 
9(;15 3400 


9617 8935 
8619 F1 
861A 341>8 


961C 8934 
961£ F1 
9(;1F 3400 
9621 BQll 
9623 27 
9624 3400 
062£ C42C 
8C2l) 2331) 
862A B4IlO 


8G2C reGS 
8G£T 8632 
9630 C436 
9(;322328 
0634 B41lO 
9(;36 F8 
9(;37 3400 
lJ(;39 1S 


963A 8941 
963C F1 
9(;31) 87 


=3992 
=3903 
=3996~ 
=3997+; 
=J988·I; ***_**"*•••*•••••• t.••• _ 
••••••••• 
__ 
•• _* •• 


=J917 ; 
=3S1S; 
=3919 
COOEBlK90 
=394!1+ 
~ 
1536 
=3953 ; fRCCO I£XIDECIIft. 
RfClJ:l) OOTPUT~QW(':[. 


=3954 ; 
lEX IllFFER fl.Rff')\' 
LMlED 
=3955 IfiECO: 
IIlV 
A,R0 
=3956 
ROO 
R,1-I£XIllf 
=3957 
!'1m 
arCHT, A 
=3970+ 
IlOV 
Ri, Ia ..HNT 
=3971i 
!'KJV~, 
R 
=3975 
CfU 
TCRlFO 
=3976 
IIlV 
fl, I' , 


=3977 
CIl.L 
Cl-RlO 
=3978 
JF8 
roof'1 
=3979 
IIlV 
A,I':' 


=39S8 
CIl.L 
CIB:O 
=39B1 
/IIlV 
A,IU"CNT 
=399&+ 
P'iJI 
R1, IIll.fCNT 
=3991+ 
IUI 
fl, ~1 
=3995 
CIU 
MEO 
=3996 FDlII'1: 
1110'1 
R,PE•• :r 
=4095+ 
I()\/ 
Ri, I/£Itn 
=4886+ 
IfJV 
R,[IR1 
=4818 
CfU 
B'l'TEO 
=4011 
Itm 
A,PEILO 
=4829+ 
IIlV 
Ri, IPElLO 
=4021+ 
IllY 
fl, @R1 
=4025 
cru 
BVTEO 
=4026 
Jf 8 
FDIJf'2 
=4027 
CLR 
A 
=402l) 
CfI.L 
BVTEO 
=4829 
JII' 
OOTO 
=4039 FDlII'2: 
IIlV 
fl, I' =' 
=4031 
CfU 
CIfJ(() 
=4832 ; OOTO 
DATAOOTPUT 
=4033 MTO 
IIlV 
R8, II EXIllf 
=4034 OOT01: 
JF8 
fOOf'5 
=4035 
JIf' 
fDtW3 
=4036 F!.ll.K'5: IIlV 
fl, I' , 
=4037 
CIl.L 
CIB:O 
=4038 FM'3: 
IIlV 
A,@R8 
=4039 
Cfl.L 
B'r'TE0 
=4948 
II«: 
R0 
=4841 
1I)JN2 
Blf'CHT,OOT01 
=4846+ 
IIlV 
RL IIll.fCNT 
=4847+ 
IfJV 
fl, @R1 
=4851+ 
D£C 
A 


DB 
8 
SIZECIt< 
~IZE 
SET 
73 


inter 


963£ R1 
9631' 962E 


9643 FD 
8644 37 
8645 17 
9EA(; 3400 
8648 83 


91D22JllD 
9104 ()4S[) 
91D6 239fi 


ll1D8 
B4BD 
9100 83 


8100 ff) 
810C 6D 
9100 II) 
91DE FA 
91Df 47 
81£.8 B4CB 
81£.2 FA 
81£.3 8488 
91E5 83 


91E6 538F 
81£.8 831'6 
81EA FEH 
91lC 833A 
ll1EE 83 
91EF 8341 


=4856+ 
=4fl68+ 
=4862 ; 
=48G3 ; EN>REC00 K'EcalD BEIr«i Tl1fIaITIED 
=4864 ENlREC: JF8 
F'DltI'4 
=4865 
Ml\I 
A,ClIKSLfl 
=4e81 + 
lllY 
A,Clf(SlIl 
=4885 
CPl 
A 
=48lJ6 
II«: 
A 
=4887 
Cfti 
BVTEO 
=4008 F'DltI'4: 
k'El 
=4009 
SIZECIf( 
=4ll92+ 
SIZE 
sn 
i'3 
=4l!9l.; 
=4894+;**.--*---- 
•• ----*- 
=4193 ; 
=4194 
coom.K 
9 
=4114+ 
~ 
4G6 
=411C ; TCRlFO TfFE (CR)(LF) 
OOTPUT 
=4119 TClUO: 
lllY 
A,IORCR 
=4128 
CALL 
0fI10 
=4121 
lllY 
fl, ICIB4.F 
=4122 
(;fl.l. 
CIBO 


=4123 
IlET 
=4124 
51ZECJI( 
=4127+ 
51£[ 
5[T 
9 
=4128+; 
=4129+;.>1".•-- 
*_ 


=4138 ; 
=4139 
=4149+ 
=4153 ; Il'l'TEO 
=4154 B'1'TEO· 
=4155 
=4156 
=4157 
=4158 
=4159 
=4Wl 
=4161 
=4162 
=4163 
=4166+ 
SIZE 
=4167+; 
=4168+; *__ 
***_**._*.*** 
•••••• 
****l· __ 


=417/ 
; 
=41711 
COOEBLK12 
=41C8+ 
00; 
4CC 
=4192 ; I£XA<".£IEXIDECllft. 
NIOOLETO ASCII CIRlflCTER CONYERSION. 


=419J IEXASC: fit. 
A.1lnI 
=4194 
ROO 
fl, '(-18) 
=4195 
JC 
I£XNIB 
=4196 
ROO 
A.'(18i'8') 
=4197 
R£T 
=4198 I£XNIB: ROO 


@R1,A 


DAT01 


COOEBLK11 
()IG 
475 
BYTEOOTPUT 
IIOY 
LDATA,A 
AOO 
A,CJl(SlIl 
lllY 
CJl(5IJI, A 
lllY 
A,LDATA 


~ 
A 
Cfti 
NIOO 
lllY 
A.LDflTA 
CALL 
NUlO 
RET 
SIZ[CJI( 
~ 
11 


ll4C9 8927 
94Cll F1 
84CC C945 


&4CE R1 


94CF B926 
8401 r1 
8402 AS 
8403 8407 
8405 [Jge9 
84Di' 1:907 


94119 8945 
84D8 F1 
840C 97 
9400 Ai 
940C 96D5 
94£9 83 


RET 
SIZEClIK 
SIZE 
SET 
12 


=4199 
=4299 
=4293+ 
=4294+; 
=4295+; ._-*****.** ••_ ••••_ ••~.•~.••••••••• 
**.**•••••••• 
=4214 ; 
=4215 ; 
=4216 DEClffl£ BITSO. lX»ISl 
=4239 BITSO 
EQU 
U 
=4231 ; 
=4232 
COOEbtK 39 
=4252+ 
I)l(i 
1225 
=4256 ; 1flDlA't' IR.r-BIT 
TII£ 
OCLA'l' 
=4257 11lDLA't'· 11m 
H.IIlITH I 
=42{}' 
I'lOV 
R1, M) ITHI 
=4274i 
I'lOV 
A,~ 
=428&1 
I'lOV 
Ri, III 
=4281+ 
I'lOV 
@Ri.A 
=4284 
11m 
Ri..III ITLO 
=4399+ 
I'lOV 
~1.IIIlITLO 
=4391+ 
I'lOV 
R. ~1 
=4314+ 
I'lOV 
R1, A 
=4317 
JIf' 
HBD1 
=4318 1flO2 
I'lOV 
Ri, t9 
=4319 fUl1. 
DJNZ 
R1,lm1 
=4321:1 
IIlJN2 
It 1flO2 
=4~ 
I'lOV 
R1. III 
=432C+ 
I'lOV 
A,~1 
=433&i 
DEC 
A 
=4~35+ 
I'lOV 
@R1.A 
=4339i 
JNZ 
1flO2 
=4341 
RET 
=4342 
SIZECH< 
=434~+ 
SIZE 
SET 
24 
=4346+; 
=4347+; ._ 
••••• 
_._ 
•• _***••*._ •••••••• 
t~~ 
.•_ 


=4356; 
=4357 $EJECl 


inter 


ll5BDIl944 
lI5IlF 111 


ll5C8 t'943 
lI5C2 fl188 
85C4 97 
e:iCS F6C8 
85C7 99IlF 
85C9 fl4CF 
II5CB8948 
~88 
II5C£ 88 
85Cf 94C9 
8501 94C9 
1l5D397 
Il5D4 A7 


ll5D5 11944 
8507 F1 
85DS G7 
lI5D9 Ai 


lI5DflB943 
850C n 
llSOO87 
850C Ai 
Il5DF 96CS 
85E1 83 


8649 
s<'A3 
8G4B BillS 
864D 4640 
864F 4640 
8CS1 5651 
865J 5651 
865S 94C9 
8CS75651 
865994C9 


=4JS8 
=4383+ 
=4387 ;NIOO 
=4J88 NIIlO: 
=4389; 
=4398 ; 0R«l 
CtJ£4.E 
OOTPIJTSlOlOOT11£ 
=4391 ; 
illITES TI£ cafTENTS IF TI£ OCCTO TI£ CRTDISI'lAY scm:N 
=4392 C111!O: IftN 
=4485+ 
lIlY 
=4486+ 
lIlY 
=4418 
IftN 
=4421+ 
lIlY 
=4422+ 
lIlY 
=4426 
ClR 
=4427 CO!: 
JC 
=4428 
fft. 


=4429 
JIf' 
=4438 CO2: 
lRI. 


=4431 
10' 
=4432 
10' 
=4433 C03: 
ClLl 
=4434 
Cll..L 
=4435 
ClR 
=4436 
crt 
=4437 
IlRRC 
=4442+ 
lIlY 
=4443+ 
lIlY 
=4447. 
IlRC 
=4452+ 
lIlY 
=4455 
=4456 
=4461+ 
=4462+ 
=4466+ 
=4471+ 
=4475+ 
=4477 
=4478 
=4481" 
SIZE 
=4482"; 
=4483"; _**111U_**IIIIIII.IIIIII_** 
••••__ 
••__ 
=4492 ; 
=4493 
=4S2J+ 
=4527 ;CIN 
=4528; 
=4529 CIN: 
=4538 
=4531 CI8: 
=4532 
=4533 CI1: 
=4534 
=4535 
=4536 
=4537 CI2: 


COOEIlLJ(48 
(JlG 
1467 
IIlSK OCCTO IIfI(E I£X NIIlIlI.£ 1RflaAT[ 
TO ASCII IN) OOlPUT 
au 
I£XASC 


Ii'EGC,A 
RLIREGC 
@RLA 
S, BITSO ; S£T IUI£R 
IF BITS TO BE TRfJBlIlTED 
RLI8 
@RLIOIrSO 
C 
; CLEIlRelm' 
CO2 
f'L II«lT TTVOOT 
C03 
Pi"mOOT 
; EY[N OOT11«1BmDl 
EXECU1ION TIlES 


11lDUl'l' 


fDlLIIY 


C 


C 
Ii'EGC 
; !<OTATECIflROCTERIUlJ!T 01£ SIT, 
RLIREGC 
ft.8:1 


R 
@RLA 
; \ IIlYINl IUT 
DATABIT INTOCI6Y 
B,CO! 
; C!ECKIF CIflROCTER(IN) STlF IIIT<S» 1)(1£ 
kLl8 
fl,l!f11 


A 


l!f11, A 
CO! 


If)JNZ 
lIlY 
lIlY 
DEC 
lIlY 
JNZ 
F.{T 
SIZECII( 
SH 
J9 


COOEIlLJ(47 
(JlG 
1689 
awsa. 
Itf'UT SlllROO1II£ IIlITS F~ 
It KEYSTRIn fH> 
REllJ:NS llIlH 8 EITS IN REGOCC. 
lIlY 
kLl8 
lIlY 
@RL1e;DATR 
BITS 10 BE REJI) 
JNT1 
CI8 
JNT1 
CI8 
JT1 
CI1 
JU 
CI1 
au 
1IJDUl\' 
JT1 
CI1 
Cfll 
1IlDlA'1' 


inter 
AP·SSA 


LOC OOJ 
UN:: 
SlXm STRTEI£NT 


8658 94C9 
=4538 
CIU 
IBlUlY 
IlGSDS662 
=4:f.s9 
JT1 
en 
; IXCK SID UN:: LNl 
965F 97 
=4548 
ClR 
C 
; OOHI rllT IN C\' 
8668 C465 
=4541 
JIll 
CI4 
ll662 97 
=4542 CB: 
ClR 
C 
9663 R7 
=4543 
(;f'l 
C 
ll664 8ll 
=4544 
10' 
; I}{N OOTBm«:II EXECU11~ TlI£S 
116658ll 
=4545 C14: 
10' 
ll666 8ll 
=4546 
10' 
9667 8ll 
=4547 
10' 
=4548 
IIlRC 
I\'EOC 
• 


9668 B944 
=4553+ 
IKlV 
Ri, IREOC 
lI6GRF1 
=4554+ 
IKlV 
fl,~ 
Il66B 67 
=4~+ 
RRC 
R 
966C R1 
=4563+ 
IKlV 
@Il1,A 
=4566 
1I)JN2 
fj,C12 
966D 8943 
=4571+ 
IKlV 
RLIB 
8661' F1 
=4572+ 
IKlV 
fl,@R1 
967IJ 87 
=4576+ 
DEC 
R 
8671 R1 
=4S81+ 
IKlV 
~,A 
8672 9659 
=4585+ 
JN2 
CI2 
=4587 
Ift)\/ 
fI,l\'EOC 
8674 B944 
=4596+ 
IKlV 
RLIREOC 
8676 F1 
=4597+ 
IKlV 
f1,~ 
8677 83 
=4681 
RET 
; OIlllOCTrR mnE1E 
=4682 
SIZEIH( 
~ 
=4685+ 
SIZE 
SET 
47 
=4686+; 
=46lI7i; _**_** ••••••••••••• 
ur_***_*_****_ 
=4616 $EJECT 


8C£l 8934 
82E7 F1 
82E8 ffl 
82E9 F488 
82EB B4E2 
82ED E6F3 
82EF 34F2 
82F1 44E9 
82F3 83 


99FC D478 
lllfi fIl 
ll9FF 83 


967S 9937 
867Il F1 
8C7Il 837E 
8670 83 


867E lJ4 
867F 98 
86e8 9C 
8681 A9 
8682 S1 


11683 D1 


86lJ4 9931 
8686 F1 
Bee7 9698 


4617 $ 
II«:UJ)[ ( :F8: 1£IIlEr. IQ» 
=4618 
COOEBlJ(15 
=4633+ 
~ 
741 
=4637 ; CMIL 
CtJIRI) 
TO riLL fIlORESSSPOC[ OC1IEENSM IN) EJIl WInl IJflTR 
=463e ; 
IN LOWBYTEOF IEII. 


=4639 WFIL: 
IftlY 
LOATA,IIJLO 
=4655+ 
ItlY 
~'L IlElLO 
=4656+ 
ItlY 
A,@R1 
=4669" 
ItlY 
LOA'IA,A 
=4672 LrILL: 
CALL 
LSllllE 
=4673 
CALL 
DflIR, 


=4674 
JM: 
LrILL1 
=467S 
CALL 
II«:SIfl 
=4676 
JIf' 
U ILL 
=4677 LFILL1: RET 
=4678 
SIZECII( 
=4681" 
SIZE 
SET 
15 
=4682"; 
=4683.•;*_u 
•••••••• 
u •••••••••• 
III_ 
•• 1l ••••••••• 
1l111111111111 
=4692 ; 
=4693 
COOEBlk4 
=4698" 
~ 
~ 
=4782 ; UETCH FETell5 CONTENTSor LOOICll. I£IU<\' flOOk'ESSDETERIIINEDBY 
=4783 ; 
(TVf'E), <5IftlD, 
& (SIl/l.O) INTOQDRTA> 
=4784 LFETCH:CALL 
AFETCH 
=4785 
ItlY 
LOOTA,A 
=4786 
RET 
=4787 
SIZECII( 
=4718" 
SIZE 
SET 
4 
=47U+; 
=4712+;*****.*.*** 
.1_.._ .. 


=4721; 
=4722 
=4752+ 
=4756; 
=4757 ; AFETCHLOOICIl.FETell SlR'OOTINE 
=4758 ; 
FETCHSCOOINTS OF VlRIOOSI£I01V SPRCESTOoct. 


=4759 AFETCH:IftlY 
A,T\'PE 
=4768" 
ItlY 
RL IT\'PE 
=4769+ 
ItlY 
A,@R1 
=4773 
FI>O 
A,IlOW LFETBl. 


=4774 
JII'P 
I!A 
=4775 ; 
=4n6 LFETEl: 00 
=4m 
00 
=4778 
00 
=4779 
00 
=4788 
00 
=47S1 
00 
=4782; 
=4783 LFEPIl: IftlY 
=4792+ 
ItlY 
=4793" 
ItlY 
=4797 
JNZ . 


=4798 
IftlY 


LOWlFEI1l 
LOWLFEDIl 
LOWLFEREG 
LOWLrEINT 
LOWLFEBI':K 
LOWU'EBI':K 


A,9ftl1 
RLISIRlI 
A,@R1 
LFEDII 
A, !>Ift.O 


COOELl.k75 
~ 
1656 


inter 


ll689 8939 
ll600 F1 
860C 83£9 
8G8E F698 


8698 8939 
8692 
F1 
8693 
834£ 
8695 
119 
8696 
F1 
8697 
83 
11698 94£1 
86911 &1 
8698 83 


869C 8938 
8691: F1 
869F S37F 
86R1 C6flS 
86R3E4Il7 


ll6fl5 8923 
86Il7 F1 
86A8 83 


86R9 8938 
lI6fII F1 
~ 
8328 
86fE 
f19 
86IlF F1 
86Il8 C3 


8681 
94£1 
86S3 99F7 
86B5 898C 
86E7 9<.JFD 


86B9 8981 
86Il8 81 
860C 2381 
86BE 86C1 
86C8 27 
86C1 83 


=4887+ 
lIlY 
=4888+ 
lIlY 
=4812 
fl)I) 
=4813 
JC 
=4814 
II«JY 
=4823+ 
lIlY 
=4824+ 
lIlY 
=482C 
fI)I) 
=4829 
lIlY 
=4838 
lilY 
=4C31 
~ 
=4832 
LFEDIl: 
ClU 
I.f'GSEl 
=4833 
IKIYX 
A..llR1 
=4834 
klT 
=4835 
; 
=4836 l.FERE:G: II«JY 
=4845+ 
lIlY 
=4846+ 
lIlY 
=48S8 
1M. 


=4851 
JZ 
=48S2 
JII' 
=48S3 ; 
=48S4 LFE.R8: 
II«JY 
=4C63+ 
lIlY 
=4864+ 
lIlY 
=4868 
RET 
=4869 
; 
=4878 
LFEINT: 
II«JY 
=4879+ 
lIlY 
=4888+ 
lIlY 
=4884 
fl)I) 
=4S8S 
lIlY 
=4886 
lIlY 
=4887 
RET 
=488C ; 
=4889 
; LFEBRK LOOICll. melt lI" BREII(-POINT DATA 
=4898 LFEERK: ClU 
LPGSEL 
=4891 
fH. 
P1, II«)T 8ll8EI1888E 
=4892 
(R 
f'1, 1888818888 
=4893 
fH. 
Pi, II«)T Il888881ll1l 
=4S94 
!n 
Pi, I89888881B 
=4B9S 
IKIYX 
It llR1 
=~ 
IIOV 
R, I81H 
=4897 
JNI 
LFEBR1 
=4C98 
CLR 
A 
=4C99 l.fEBR1: 
RET 


=4988 
SIZEDI< 
=4983+ 
SIZE 
SET 
74 
=4984+; 
=49ElS+; __ 
*__ 
*_.***_* •••*__ 
••* 


=4914 
$EJECT 


RLISIR.O 
A..llR1 


A, 1-lJYS IZE 
LFEDIl 
A..SlRO 


Ri,ISIfl.O 
A, llR1 
A..1OYBlF 
Ri,A 
fl,@R1 


ItSIRO 
Ii:L ISl'ILO 
fl,@R1 
fl,I81U1111B 
LfER8 
EPFET 


R.SlRO 


RLISIRO 
f'vllR1 
A,1Ef'OCC 
Ri,A 
R.llR1 


•• 


inter 
AP·55A 


LOC 
OOJ 
L1/£ 
SlUCE 
STAIDENT 


=4915 
COOEBLK85 


8798 
=4958t 
m; 
1792 
=4954; 
=4955 
; LST~ 
LOOIClL STlIlE SlllROOTI/£ 
=4956; 
STlIlES 
tOOOOS 
(J LOAm INTO YARIlXJS 1EJDl\' 
SPInS. 


=4957 
L$T~: 
IftJV 
fl,TW( 


8798 
B9J( 
=4%6+ 
~ 
RLITwt: 


8782 
F1 
=4967+ 
lilY 
n,tIR1 


8783 
8396 
=4971 
fI)l) 
A, Il()l LSTTBL 


8785 
B3 
=4972 
JII'P 
@f1 
=4973 
; 


9786 
llC 
=4974 
LSTTllL: 
00 
L()I LSTPI1 


9787 
21 
=4975 
DB 
L()I LSTDII 
8788 
26 
=4976 
DB 
L()I LSTREG 
8789 
34 
=49n 
DB 
L()I LSTlNl 
871111:lI) 
=4978 
DB 
L()I LSTllRK 
878C 31) 
=4979 
00 
L()I LST!lRI( 
=4989; 


=4981 
LSTI'II: 
IftJV 
fl, Slflil 


87llC 11931 
=4999+ 
~ 
RL ISIfIiI 
878E F1 
=4991+ 
~ 
fl,@R1 
8M 9621 
=4995 
JNZ 
LSTDI! 
=4996 
IftJV 
A, SlR.O 


8711 
B938 
=5885+ 
~ 
RLISIR.O 


8713 
F1 
=58ll6+ 
~ 
fl,@R1 


8714 
8:lE9 
=5819 
roo 
It I-OYSI2[ 
8716 
F621 
=5811 
JC 
LSTDI! 
=5812 
IftlV 
It SlR.O 


871S 
B938 
=5821+ 
~ 
Ri, ISIR.O 


871A F1 
=5822+ 
~ 
fl,@R1 


8i'lEJ 834E 
=5826 
fI)() 
It IOVBlF 
8710 
A9 
=5827 
~ 
RLA 
871E 
FA 
=582S 
~ 
fl, LlJATA 
871F 
R1 
=5829 
~ 
tIR1, A 


8729 
83 
=5838 
RET 
=5831 
; 


8721 
94£1 
=5832 
LSTDIl: 
CALL 
LPGSEl 
9723 
rA 
=5833 
~ 
ItLDflm 
8724 
91 
=5834 
I()VX 
@IIi, A 
8125 
83 
=5835 
RET 
=5836 
; 


=5837 
LSTIlEG: IftlV 
R..SlR.O 


8726 
B938 
=584&+ 
~ 
RLISIR.O 
9729 
F1 
=5847+ 
~ 
IttlR1 
8729 
537F 
=585i 
fH. 
A. 181111111B 
; ClECK IF L()I IJ:DER BITS = 9 
8728 
C62r 
=5852 
JZ 
LS"Th1l 
8720 
l4C3 
=585J 
JII' 
EPST~ 
=5854 
; 
=5855 
L~: 
IftJV 
Ef'R8, LDATA 
872F 
FA 
=587!!i 
~ 
ItLDflm 
9738 
11923 
=5884+ 
~ 
RL IEI'f:8 
8732 
R1 
=58S5+ 
~ 
@R1,A 


8733 
83 
=5888 
REi 
=5889 
; 


=5Il99 
LSTlNl: 
IftJV 
It SlR.O 


87348938 
8736 f1 
87378329 
8739 A9 
873fl FR 
8738 Ai 
873C C3 


873D94£1 
873F FA 
874{1 1246 
8742 8981 
8744 E448 
8746 99FE 
8748 9'JF7 


8741l 81 
8748 ll988 
8740 83 


84E1 8937 
94E3 f1 
84E4 5381 
84E6 47 


84E7 8931 
ll4£9 41 
84lIl 4348 
84EC 3A 


84ED 8938 
84EF F1 
84F"0 A9 
84F"1 83 


=5899-t 
=5188+ 
=5184 
=5185 
=5196 
=5187 
~188 
=5109 ; 
=5118 ; LSTm( 
LOOICIL STlH: IF 8mI(-POINT 
DATA 
=5111 LSTBRK: au 
LPGSEL 
=5112 
I«lY 
fl. LDATA 
=5113 
JE8 
L~ 
=5114 
. lR 
pt. IllII8il8881B 
=5115 
J1t> 
LSTBR2 
=5116 LSTBR1: IN. 
pt, II«) r 88888881B 
=5117 LSTBR2: IN. 
1'1. III)T 1l89ll108ll1l 
=5118 
I9JYX 
A.@R1 
=5119 
!R. 
pt. 188Il8108ll1l 
=5128 
RET 
~121 
SIZECII< 
=5124+ 
SIZE 
SH 
78 
=5125+; 
=5126+;---**- 
=51~ 
; 


=5136 
COOEIlLK17 
=5156+ 
lJ:G 
1249 
=5168 ; LPGSELLOOICII. PI&: SElICl 
=5161 ; 
SETS II' f'(RT 2 TO fIlllRE.SSff'fm'RIATE 
BYTEIF f<'fIl BLOCK. 


=5162 U'GSEL: PftlY 
fl, T'M: 
=5171+ 
I«lY 
RL IT\'PE 
=5172+ 
I«lY 
fl, l!R1 
=5176 
IN. 
fl, I88888981B 
=5177 
SIIF 
A 
=5178 
IQ!l 
fl, SlllfI 
=:i11)4+ 
I«lY 
RL 1SIft1i 
=5185+ 
lR 
fl, l!R1 
=51C9 
lR 
fl, 1818880888 
=5198 
lXJTL 
P2, A 
=5191 
PftlY 
/l, Slft.0 
=5288+ 
I«lY 
RL 1SIft.0 
=:i281+ 
I«lY 
A,l!R1 
=5285 
I«lY 
Ri. A 
=5286 
RET 
=5287 
SIZECft( 
=521!l+ 
SIZE 
SET 
17 
=5211+; 
=5212+;**- 
__ 
** 
_ 


=5221 ; 
=5222 S£JECT 


Ri. 1SIft.0 
fl,l!R1 
fl,1EPOCC 
RLA 
It LDATA 
@RLA 


91F2 8938 
81F4 11 
81FS F1 
91F6 96FC 
81f8 
19 
81F9 F1 
91FA 17 
91FB 31 
WC 83 


92F4 8938 
92F6 r1 
92F7 97 
821'8 21 
92F9 96FF 
92fO 1S 
92FC F1 
ll2f1) 97 
92FE 31 
92FF 83 


95E2 89J9 
95E4 F1 
95E5 37 


ll5E6 8932 
ll5E& 61 


95E9 8931 


95EB F1 
95EC 37 


=5223 
COOEIl.K11 
=52J}f 
(J:G 
498 
=5237 ; 11«:!JlA II«:REI£NT STIJUlI«l 
1£1Ol'1' fI>ORESSlaD. 
=52J8 
11I:SI'Il: lIlY 
F:1..1S1R.O 
=5239 
1101: 
II«: 
(IR1 
=5248 
lIlY 
A, @l::1 
=5241 
JNZ 
IIDI1 
=5242 
II«: 
R1 
=5243 
lIlY 
II, (IR1 
=5244 
It«; 
n 
=5245 
XCH) 
II, (IR1 


=5246 
11DI1: 
RET 
=5247 
SIZECIf( 
=525&+ 
SIZE 
SET 
11 
=5251+; 


=5252+; ••••••• ----*...~-.-.-..-.. 
=5261 ; 
=5262 
COOEIllK 12 
=5277+ 
IJ!G 
i'S6 
=52&1 ; DECSIIl DECREI£NT SIll IR'D. 
=5282 DECSIIl: lIlY 
rd., ISIILO 
=52&3 
lIlY 
II, l!R1 
=52!l4 
DEC 
A 
=5~ 
XCII 
II, l!R1 
=5286 
JKZ 
DECSII1 
=5287 
II«: 
rd. 


=52&8 
lIlY 
Pu l!R1 
=52S9 
DEC 
A 
=S299 
XCII> 
I\, l!R1 
=5291 DECSIl1: !lET 
=5292 
SIZlClf( 
=52S5+ 
SIZE 
SET 
12 
=5296+; 
=S2S7·f; •• _44 
••••_._ 
•• 
••UIII 
•••• 
_ 


=5J86 
; 
=5387 
COOEBlK15 
=5Il2+ 
IJ!G 
1:J96 
=53J6 
; CI'ffflS 
Caf'ARE IEIOlY 
FniRESSES 
=5337 ; 
COI'fI1E SIll BYTES WITH Ofl 
£iVIES TO DETERIIll£ RElATIVE IIGlITWE. 


=53J8 
; 
RETlRNS WITH CIGY=1 
IFf 
<SIll) 
>= <EIIl>. 


=53.l9 ; 
IS ClUJ]) 
flf1lJ! 
ACTll»I IllS BEEN Ftl<FlJ.'IU 
l»I <SIll> TO DETD/IlIP£. IF 
=5348 
; 
TRSK IS mt'lETED: 
=5341 ; 
IF C\'=8 HEN <SIll> )= <EIIl> 
=> 
lERl!llfITl 
TRSK. 
=5342 ; 
IF C'l'=1 HEN <SIll> < 
<EIIl> 
=) 
II«: SIll IN) REf'[AT. 


=5343 CII'IfIS: 
IftlY 
A, SlR.O 
=5:lS2+ 
lIlY 
RL ISIR..O 
=5353+ 
lIlY 
II, l!R1 
=5"".$57 
CPt. 
A 
=535& 
IfI)() 
II, OR.O 


=5364+ 
lIlY 
Ri, IElR.O 
=5J65+ 
fI)() 
A,l!R1 
=5369 
IftlY 
It SIAH 
=5J7I)+ 
lIlY 
RL ISIRlI 
=5379+ 
lIlY 
It l!R1 
=5J&3 
CPt. 
A 


inter 


85ED BS33 
85Ef 71 
B:if9 83 


=5384 
IRlOC 
=5J99t 
lIlY 
=5J91 t 
fI)OC 
=5J95 CIf'R[T: RET 
=5396 
SIZECII( 
=5J99t 
51ZE 
S£T 
15 
=5489tj 
:5481+j_ •• 
c •••• 
c •••• 
_ 


=5419 $EJECT 


A.ElftH 
RLIElftH 
n..~ 


inter 


874F 
B93E 
87:;11 R1 


875223F8 
8754 
62 
8755 27 
8756 
3( 
8757 
3D 
87:lf) FI) 


8759 
117 
1l7SA 3F 
87SB llC 
1l7SC ffi 


1l7Sl) FD 


87Sl 
87 
8/'Sr 
8346 
8761 
A& 
8762 F8 
8763 
3D 
8764 
47 
8765 
3[ 


87GS ffl 
8769 6l 
8l6/! ffl 
8768 
r688 
8761) eE81 


8761' B93C 
8771 
F1 


~11 f 
=5412 
=5447+ 
=5451 
; 
=5452 
; 
=5453 
; 
=5454 
TIINT: 


=5455 
=5468+ 
=5469+ 
=5473 
=5474 
=5475 
=5476 
=5477 
=547& 
=5479 
=5488 
=5481 
=54l:2 
=54S3 
=S484 
=5485 
=5486 
=5487 
=5488 
=54S9 
=5498 


=5491 
=5492 
; 


IIQ.lti£( 
:F8:KOO.I'OO) 


COOEIlLK181l 
(Jl(j 
1S7Il 


mmtlI) 
AN> DISPlR'l' 
PROC£SSIIIl 
ROOTII£ 
C!U[]) 
F'ERlOOIClLL\' 
IRN 
KIll> /II) 
DI5I'I.AY fJ.{ TO BE fLI',£. 


SEl 
RBi 
IftJY 
ASfM, A 
I'fN 
Ri, IASAY[ 
I'fN 
@R1,R 
I'fN 
fl, .<-1llH) 


I9J't' 
T, A 
; RELlJI> TIlEI: 
INTEkYIL 
Cll! 
R 
IIJYI) 
PSEGlI, Po 
; ~ITE 
E1fN( 
I'ATTERN TO SEG DRIVERS 
IIJYI) 
PSEll.O, R 
I'fN 
fl, ClRDIG 


DEC 
A 
IIJYI) 
f'l)IGIT,R 
;O£RGIZE 
C1R'OCTER 
IIJYI) 
fl, Pllf'UT 
; LlJI> RN\' SWIlCH ClOSlllES 
I'fN 
roTPflT, R 


I'fN 
fl, ClRDIG 


DEC 
R 
fI)() 
fl, ISEGIfIl 
PfJI 
RIl,R 
I'fN 
A,@Il8 
IIJYI) 
PSEll.O, R 
SIR' 
A 
IIJYI) 
PSEGlI. B 


; um 
fa 
IV I£X1 
SEGl'ENT PRTIEk'N 
; UfIU 
APPROPRIATE SE:lKHT!> 


=5493 
; 
••• U••*****_IUUIIIII".UIII 
••• 


=5494 
; 
TI£ 
I£XT OflRfI:TER 
IS 101 BEIIIl 
DISPlAYED. 
=5495 
; 
TI£ 
KE'TmIlI) 
SCAN F-WTII£ 
IS INTEGl<AT£DINTU TI£ 
DISI'lR'l' salt 
=5496 
; 
WITH HE 
etmNT 
RIll El£RGlZED, 
O[CI( 
IF TI£R[ 
ARE fIN 
IIf'UTS. 


=5497 ;***********_*** __ 
•••••• 11111•••• 111111IUU*__ 


=5498 
; 
=5499 
; 


=5588 
; 
=5581 
I'fN 
=55Il2 NXTLOC: I'IlRC 


=5514+ 
I'fN 
=5518+ 
RIle 
=5529+ 
I'fN 


=5532 
JC 
=5533 
I'fN 
=5534 
=5535 
; 
=5536 ;*** 
_ 


=5537 
; 
A KH'STROKE IllS 
DElECTED FIl1 TI£ CUlRENT Cll.lIfi 
ITS 


=55:s8 ; 
rosITION 
IS 
IN REGISTER KEVLOC. su: IF Sff£ 
KEY 5ENS[D LAST C\'Cl£. 


=5539 ;**_*** 
•..• 
******_ 


=554e 
; 


=5541 
=5559+ 


=5551+ 


ROTCNT,INCll.S 
ROTPflT 
fl, ROTJ'flT 


R 
ROTI'PoT,A 


$CfKi 
KE.\fLG,1! 
; 01£ BIT IN C\' III>ICAT£S 
KEY NOT ~ 
; I'm( 
TIflT AT LUlST 1M: KE\' IllS 
DETECTED 
; \ 
IN TI£ 
CUi'RENT SCAN 


R, KE\tOC 
Ri, IKEYLOC 
fl,@R1 


8m 2C 
8773 DC 
8774 C67C 


8776 B93D 
8778 8186 
877A (488 


877C B9J1) 
877E F1 
87i'f 
C68B 
87S1 07 


8782 [j9J1) 
8704 Ai 
87&5 968B 


8787 FC 
07SD B93B 
878A fl1 


8788 B9JC 
8780 11 
07BE EGGS 
0790 EDflS 
"/92 
BOOS 


0794 B93C 
8/96 
B100 
Or9S FE 
0799 9C9D 


879B BCFf 
079D IlEOO 


=5555 
=5556 
=5557 
=555G ; 


=5559 ;**********-****-**----* 
=5568 ; 
A DIFFERENT KEY WASRrnO ~ 
THIS C't'lli 
TfRl 
~ 
TI£ 
F'REVlOOSC\'ClE 
~1 
; 
SET NlEPTS TO TI£ 
()(ll(JJI;[ 
PflIAI'£ lER F~ 
A PEW COLmI)(JIN. 
=5562 ; ** 
**__ 
*_*** .•..• 
**>tt 
.•**_* .•** 


=55C3 ; 
=5564 


=55C5 
=5566 
=5567 ; 


=556ll 
; *--**********-*********-***_ 
.• 
=5569 ; 
SAI£ KE\' WASDETECTEDJS ~ 
Pl\'EVIOOS CVClE 
=5578 ; 
LOO< AT NREPTS: IF fl.REAO'1' ZERO, 00 I«lTHING. 


=5571 ; 
ELSE DECRElENT ~TS. 
=5572 ; 
IF THIS RESll TS IN ZERO, IIJ\IE LASTKY INTO KOOClf 


=5573 ; *-*---***************-**--****_ 
.•• 
=5574 ; 
=5575 SCAIG: 
I'II'IOY 
=5584+ 
I'IOY 
=5585+ 
I'IOY 
=5589 
J2 


=5590 
DEC 
=5591 
IftJ\I 
=5(;04+ 
I'IOY 
=5685-1 
I'IOY 


=5689 
JNZ 
=5610 
IKlY 
=5633+ 
I'IOY 
=5639·f 
I'IOY 
=5648+ 
I'IOY 
=5643 ; 
=5644 SCflN5: 
I'fOV 
=5645 
lHe 
=5646 
DJNZ 
=5647 
I)JNZ 
=5648 
I'IOY 
=5649 ; 


A, LffiTKY 
R,LA5TKV 


SCANJ 


R1, INREPTS 
@R1,1G 


SCflN5 


A,NlEPTS 
Ri, INREPTS 


A, f!R1 
SOIlS 


A 
NlEPTS, A 
Ri,IIfUTS 
@RLA 


SCRN5 
KBOOlf, LASm' 
11,LFlSTKY 
Ri, It<BI)()lF 
@RLA 


; IF f1LREOO\'ZERO 
; INDICATE 01£ /lORE SOC{.'[SIYE KEY DETECTI~ 


; IF DECRElENT I)(B NOl RESLl T IN ZERO 
; TO IftI( 
tEll KEY CLO';>l.J,'E 


Ri, IKE\'LOC 
tlR1 
ROTCNT,NXTLOC 
ClJIl) I G..TIRET1 


ClIlO IG, ICHARNO 


=5650 .;***************-****--**.•..• 
****--*****- 
=5651 ; 
Tl-IE FOlLOWING CODESEGIlENT IS USED L'Y HI[ KE't'BOf1RI)SCRIflING ROUTINt 
=5652 ; 
IT 
I S EXECUTEDONIS AFTlR fl REFRESHSEQI.£NCE IS COIf'LETEI> 


=5653 ; *l'******************************_** 
.•************_*** 
=5654 
i 
=5655 
I1IlOV 
=5666+ 
I'IOIJ 
=5667+ 
I'IOY 
=5671 
I'IO't' 


=5672 
JHZ 
=5673 
MMOI/ 
=5678+ 
I'IOY 


=5682 
'>CANS: 
1'1011 
=5683 .; 


=5604 ; *****************_********_*,l**********l 
__ 
** 


KE\'LOC,ZERO 
Ri, IKE\'LOC 
@RL!lZERO 
n, KEYFLG 


SCANS 
LRSTKY,I£G1 
LAS11<',',lII£G1 
KE\fLG,1I0 


; JlJI> 
IF AN\' KE\'S WEREI)HECl ED 
; CHANGE(LASm') 
WHENI«l KE\'S ARE DOWN 


inter 


879F B93F 
07111 r1 
~?A2 CCl18 
l17A4 07 


87fl5 093f 
87A7 Ai 


11mB B93E 
37M F1 
07Rll 93 


amc 164E 
117ff 83 


=5G85 .' 


=561'.>6 
; 


=5637 
=5696·. 
=:'{'9i+ 
=5781 


=5702 
='5783 
=5716i 
=5r17+ 


=5721 
TI REI 1 
=573IH 


=5731·1 
=5735 
=5736 
; 


KOOIDISP RETURN I.:-OOE-RESTrn5 
51'5TE" ~TATUS. 


1'l1'IO\' 
A, ROELA'l' 


~ 
R1, 'RDELAV 
MOV 
A,~1 
JZ 
TIRETt 


DEC 
A 
l'II'XJV 
1o:OClllV,A 
ItN 
R1,tROlLA\' 
MOV 
1!R1,R 


1'IMOY 
ft, ASfWE 
MO\I 
R1, IASAVE 
ItN 
n,@l\1 


RETR 


=5738 
; TOFF'OL TII'lER O't'ERFLOWPOLLING SUEROOTIIlE. 


=5739 
; 
CALLED REPEnTEDl I' FROM WIlEREllERI(BO/D I sr 
MUST BE: All \'E 
=5740 
; 
MlJIIT~ 
WE TII'D 
OVERFLOWFLAG (TOn 
AI{) CfUS 
SERVICE 
=5741 
; 
Rc.,JTlNE WIiENflPPROPRIATE. 


=5742 TUFF'Ol: JTF 
TIINT 
=5743 
RET 
=~744 
SIZWlK 


=5747+ 
SIZE 
SET 
97 
=5748-:-, 


=5749+.; *.,,****~.******** 
••****_ ••***.*******~,**._*~,**~.******* 
=5758 $EJECT 


inter 


06C2 en3 
06C4 74Dl 


Of~C6F4AC 


0Wl 
B93t: 


96CA F1 
06CIl F2C6 
06CD 27 
ll6C£ 3f 
!l6CF 3r, 
omo 37 
06Dl 21 


95Fl 
E:1:l46 


05F3 B90S 
lH5 
BOO0 
9:ir7 18 
05F8 E9F5 


l:lSFR C93t1 


05FC C103 
05FE 83 


0603 530f 


06D5 03EF 
0607 A3 


;5759 
=5789t 


=5796 
; 
;5797 
.; 


=5798; 


=5799 
KT:iDIN 
=5<.".00 


=5301 KBI)11 : 
='5:;02 
=5811~ 
=5812i· 
=5816 


=5817 
=5818 


=5819 


=5&"0 


=5821 
=5822 
=5823 
~582G·. 
SIZE 


(;OOEBlK 
17 
~G 
1710 


KE'rBOflRV INPUT ~.uBROUTINE. 
PETURNSONlY flFTER R NEIolKE\'SH<I)(E HAS fUN 
DETECTEDfINO DEBOIJNC[I). 


Vf'J..IJEOF I(E'" F'OSITICN IN ~.wITCfI /lATRIX 
IS 


RETURNED111TilE fiCCUMlJlfliOR. 
DI~.PUW WP.RRCTEF:r~owat~ BU:N1([D I::I,FORERETURNING. 
I'lO\I 
xrCODL.3 
CAlL 
XPTEST 


CAlL 
TOFPOL 
1'11'10'" 
f1,K!)[)[:ur 


[",(IV 
R1,#tBOOUF 


f'10V 
11,~1 
JC7 
KBDI1 
(;LR 
11 


MO\lD 
F'SEG/IL fl 
I'I(M) 
PSEGlO, A 


CPL 
11 
XCH 
11,flIRl 
RET 
5IZECHI< 
SH 
17 


=5C28+; ***************************'*******************'************** 
=5837 ; 
=5838 
=5863+ 
=5l.'067 ; CLEAR 


=5869 ; 
=5870 CLEAR: 
=5871 
=5872 DBLI1NK: 


=5873 


=5874 
=5875 


=5886+ 
=5CC7+ 
=5891 


=5892 
=5895-1 
SIZE 


COOCBLK1~ 
ORG 
1521 
l.mES 
'BLfl~' 
CtlflRfiCTERS INTO AlL 
DISPLA'I REGISTERS. 
I':ETURNSwml NEi:TPL sa 
TO LEFTMOST Clll1Rf1CTERPOSII ION 


DOE5 NOT flFFECT ACC OR C\'. 
MO.' 
R9, lSEGMfIP 
MOV 
Rl, lCI~iRNO 
MO',' 
@Rll,10 


INC 
RO 
DJNZ 
Rl, DBLP.NK 


IftJV 
NEXTPL ClIARNO 


MOY 
Rl, INEXTI'l. 


1m 
flIR1,ICIIRRNO 


k'ET 


5IZECIlK 
SET 
14 


; STORE mE BLAN< (;ODE 


; POINT TO NEXT CHARACTERTO HIE LEFT 


=5896+; 


=5897+; ************************************************************ 
=5996; 
=5907 
COOE[;LK 44 


=5937+ 
ORG 
1747 


=5941 ; DSPACCDI~./'LflY VAlUE or LOWNIE3LE Of IICC 
=5942 DSPACC: All. 
11,teFH 


=5943 
ROO 
A, .DGPATS 
=5944 
1'I0llP 
fj, @A 
=5945 .;IoI{lISP 
WRITES llIT 
f-'AlTERN NOWIN 11tC INTO NEXT UflRACTER POSITION 


=5946 ; 
OF THE DISPLflY 
(NEXTf'U. 
INCREMEN1SNEX1F'L 


=5947 ; 
RESULTS IN DISF'LAl' BEING FILLED 
LEFT TO RIGHl, 
lHEN Rt:STI1RTING 


=594C IoIDISf': 
I'IOV 
DSPTi'IP,Ii 


OC-.D91;1=04 
=5949 
I'Kl\I 
xrcooL 
14 


8WB 
74D1 
=59~ 
CfllL 
XPTEST 


=5951 
ImY 
fi, If:XTPl 


Il600 
BSJA 
=5%&t 
P10Y 
R1, INEXTPl 


96Df 
F1 
=5%1+ 
1101/ 
fl.~1 


86£9 
9345 
=5965 
illO 
t1,I~(W.P·1 


96E2 
A9 
=596G 
I(l'~ 
~1,1) 


960 
FE 
=5967 
I'Kl\I 
A. DSPTIT 


96£4 
Ai 
=5%& 
IllY 
@f<1,A 


=5969 
II)JNZ 
/£XT!'L 
I«)Isr1 


96E5 C93fl 
=5974+ 
IllY 
Ri, IIf:XTPl 


96£7 
F1 
=5~75+ 
IIOV 
A,@l::1 


96EC 97 
=5979+ 
DEC 
R 


96£9 
Ai 
=59l)4+ 
IflY 
@R1,A 


96EA 96EE 
=5988+ 
IN;: 
I«)ISP1 


llCEC BillS 
=5S'":J9 
IIOV 
tlRLlcmRIIJ 


ll6EE 83 
=5991 IIH51'1: 
RET 
=5992 
.: 
=5993 
; [,-GPAT~ IS n:r: 
BASE FOR TIl[ TfIll[ 
(J" ~GllENT 
PAmRNS 
FOR I£X DIGITS. 


=5994 
; I£R£. TI£ 
FlU 
HEX SET (0··F> 
IS 
II¥'..LLOCD. 


=5995 
j 


=5996 
DGPAT~ 
EOO 
$ iN) IHH 


=5997 
; 
=5998 
; FORIIAT IS 
PGfEDCBA 
IN STANDfY1DS[¥EN-Sllil£NT 
ENCOOINli ClIlVEN1IOO 


=5999 
; 
IKRE 
P [({PRESEN1S TIlE OCCIIft. 
POINT 


96EF 
3F 
=6999 
DB 
89111111B 
; SEGI£NT PATTERN FOR DlCiIT '9' 
9CF9 9G 
=69ll1 
00 
980091100 
; SEGl£NT PATTERN FOR DIGIT 
'1' 


96F1 
SE 
=6992 
DB 
9111119118 
; ~GlENT 
PATiERN For: DIGIT 
'2' 


96F2 
4F 
=6993 
DB 
91991111E: 
; SEGIENT PATTERN ~OR DIGIT T 


96F3 
66 
=6004 
00 
911891100 
;SlGl£NT 
PATTERN FOR DIGIT 
'4' 


9GF4 61) 
=6OOS 
00 
911911918 
; SElJ£NT 
PATTERN FOR DIGIT'S' 


96FS 
7D 
=6ll96 
00 
91111191E: 
; SEGl£NT PRTlERN FOR DIGIT 
'6' 


96F6 
97 
=6897 
00 
999991118 
; SElJ£NT 
Pf1TTERN F~ 
DIliIT 
'7' 
9GF7 7F 
=6898 
00 
911111118 
; SEGI£NT f1lTTERN FOR DIGIT'S' 
96FB 6/ 
=6009 
DB 
911891118 
; SEGl£NT PATTERN FOR DIGIT 
'9' 


96F9 n 
=6919 
00 
9111911111 
; SEGI£NT Pf1TTERN FOR DIGIT 
'A' 


96FA 7C 
=6911 
00 
91111199E; 
; 5ellENT 
PATTERN FOR DIGIT 
'Il' 


ll6rS 
39 
=6912 
()Ij 
001119918 
; SEGl£NT PATTERN FOR DIGIT 
'C' 


96FC 5E 
=6913 
00 
919111100 
; SEGI£NT I'ftTTlRN FOR DIliIl 
'D' 


96FD 79 
=6914 
DB 
91111991S 
; SEGl'ENT PATTERN FIl< DIGIT 
'E' 


96FE 
71 
=6915 
00 
911190018 
; ~Gl£NT 
PflTTERN FOR DIGIT 
'F' 


=6916 
~IZECH< 
992C 
=6819+ 
SIZE. 
SET 
44 
=6929+; 


=6921 t; ••********.*.**_**4:**"'*__ 
***********_ 
=6838 
; 


=6931 
cooroJ( 
12 
94F2 
=6951+ 
ORG 
1266 
=68SS 
; DELAY 
SWROUTIIf: 
IflITS 
FOR TIE NIJ'IIlER (J" ClIf'lETE 
=6856 
; 
DISPlAY 
SCANS CORREsrONOING TO THE ACC ClIlTENTS. 
=6957 
; 
USED WITH CRLOC IUm INTlRr~- 
AS liEN 
(J'ERAHJR SIOJ..D 
SEE 
=6958 
; 
SOlE DISI'lAY 
C1fNiE 
IIHU 
IT 
IS ClIANGING 


=6859 
DElIlY: 
I1I1OV 
RDElAY, f1 
94F2 
893F 
=6972+ 
I10V 
Ri.IRDElAV 
94F4 
Ai 
=6973+ 
I(l'~ 
tlRi, A 


inter 


IW7 D93f 
94F9 F1 
94FR %F~ 
94FC 83 


8M 
8FBS 
8781 7401 


8783 B938 
8785 F1 
87(;6 
113 


=6877 OCLA\'1: CAlL 
=687C 
IftJV 
=6887+ 
I'l)\I 
=6888t 
I'KJII 
=689'l 
JNZ 
=6893 
RET 
=6894 
SIZ[CIf( 
=6097+ 
SIZE 
SET 
11 
=689C+; 


=6899+; ••••••••• 
*••***.*•••_.*****_ ••******-_ 
••_** 
=6100 ; 
=6189 
COOEBLK8 
=61«+ 
~ 
1%7 
=614C ; KBDI'OLPOLL STRTUS(F Kl',~ 
HI'lIT 
ROOTHE:. 


=6149 ; 
RETlJ.'NWI1H ACe BIT 7 = 8 IF KEI~ 
III'UT 
~ 
BEENReCEI'y{J). 


=6158 KBDf'(l.. I10Y 
Xf'COO[,.5 
=6151 
CflL 
XPTEST 
=6152 
IftJV 
A, KIlDBlJf 
=6161+ 
I'l)\I 
1<1.'KOOBtF 
=6162+ 
I'l)\I 
A..llR1 
=6166 
ReT 
=6167 
SlZECIf( 
=6178+ 
SIZE 
Sll 
8 
=6171+; 
=6172+; _ 
.•*_ ••*•••••••••*•••_ 
•••••••••••• 
*-*_ 
••*** 
=6181 $EJECT 


lCHOL 
A..ROCLR" 
RLIROCLA'I' 
fI, llR1 


OCLAV1 


inter 


8787 8938 
8789 F1 


871lA F400 
87BC 2380 
871£ F4D9 
87C8 F4D9 
87(;2 83 


87C3 FA 
87C4 F4D9 


87C6 8938 
8((8 F1 
87C9 5371'" 
117CEF4D9 
87CO F4D9 
87CF 83 


6182 $ 
=6183 
=(;218+ 
=6222 ; Ef'fET 
=Q23 
EPFET: 


=6232+ 
=6233+ 
=6237 
=6238 
=6239 
=6248 
=6241 
=6242 
=6245-; 
SIZE 
=6246+; 


=6247+; *.***.~'•••*••****••••***.***.~,*•••**.*****.**••****••••*•••* 
=&256 ; 
=6257 
COOEElK15 
=6292+ 
ORG 
1987 
=6296 ; EP5T~ ST(J\'[ DATA IN Loom 
IN EP INTERIft. RAIl AT (SItU) 
:Q97 
EPSTOO:I'U¥ 
R, L1>flTn 
=Q98 
CfU 
EF'F'ASs 
=6299 
I'II'IOV 
A.. SlR.O 
=6300+- 
I'U¥ 
1<:1,.5MALO 
=6389+ 
ItOV 
f\, llId 
=6313 
fH. 
A, 101111111G 
=6314 
CIU 
El'l'flSS 
=6315 
Cfl.L 
EPPR5s 
=6316 
RET 
=6317 
slZEOIK 
=6328+ 
SIZE 
511 
13 
=6321+; 
=6322+; _ 
•••••• 
_.' 
•• ******••*******•••••••..•••••__ 
•••*.*. 


HQJ.DE ( _Fe :LI NK !lOCi) 
COOEGLK15 
m; 
19/5 
FETCHDiiTn Il\'TE FRO/'IEr INTERIft. RAIl ADDRESSEDB'l' sltl.O 
PKlY 
R, 5IR.O 
I'U¥ 
R1,.5Ift.O 
I'U¥ 
R,llR1 
Cfti 
EPf'RSS 
I'U¥ 
A,118889000B 
CALL 
IJ'PA5S 
CIU. 
EN'A5s 
RET 
slZEOI< 
!£1 12 


inter 


9700 
0038 
9702 
91 
OlD3 99FE 
97D5 C992 
9ID7 
F400 
9709 
S1 
97DA B3 


9700 
F4F4 
9700 
Il99A 
97Dr 00"1 
97E1 E9DF 
97EJ 
8919 


9lES 
744F 
97E7 BOOB 
97E9 
746A 
97EB99EF 
9lED Ilfl9E 
97EF 24911 
91f1 
744f 
978 83 


=63J2 
; 


=G333 
; 


=6334 
COO£BU( 11 
=6J69~ 
ORG 
2009 
=6373 
; EPPASS PffiSES 
II SHRE 
f'flRAI'ETER f;YTE TO TIlE. [1' 1If<CUii Hr LINK. 


=6374 
; 
II1ITE TI£ 
lX.flTENTS (F 
TI£ fO: TO TIlE. LINK; 
=G37S ; 
RElEASE TIE [I'; 
=6376 
; 
ROil 
TI£ 
LINK INTO TI£ p,cc, 


=6377 
; 
RET~. 


=63711 EPPASS: (n 
=637S 
. 1lO'~ 
=GJB8 
IN. 


=GJS1 
t:Rl 
=6382 
UU 
=6383 
ImX 
=CJ84 
RET 
=6~ 
SIZECflK 
=GJ83+ 
SIZE 
SH 
11 
=6389+; 


=6390+; "'***"'*******"'***"'********l'****""******~_*******•••"'.*.* 
=6399, 
=6489 
COOEElK 2~ 
=64~ 
OOJ 
2911 
=G4JS ; EPSlEl' 
RELEfl'"...ESEP TO ro~IN PRESENT I'IOOCl,mL 
AN flNTICIPAILD 
=6448 
; 
fflROllllR[ 
BREAI; OCC~. 


=6441 
; 
(Dl£ 
TO SIPG.[ 
STEPPING, 
LINK ll'COOl 
FETCH. lJl LINK OOTA FETCH) 
=6442 
; 
IlJ5T 
~ 
WIlHIN fI FINITE 
tUl3ER 
(,If ClUES 
«49 
If' 
CYClES) 
=6443 
; 
lJl IoflTCIroJ 
TItER 
WILL flSSlI'E 
A WIUlICIlTIf»6 
ER~ 
=6444 
; 
OCTI£EN TIE IF iN) IT 
=6445 
El'STEP: 
CfU 
EPREL 
=6446 
IlJ\I 
Ri, 119 


=6447 
EPSTEi: 
JNI 
EPSTE2 
=6448 
DJNZ 
R1, EPSTE1 
=6449 
t:Rl 
PL IEPRSET 


=6459 
au 
Ef1n 
=6451 
I'KlV 
I\'\!, 1L()I(OY1BAS~OY~lZ[) 
=6452 
au 
OYLOflJ 
=G4:i3 
1M. 
1'1, 11«)1 EPR5£T 
=6454 
1lO~' 
LDATA,lOCH 
=G4SS 
JIf' 
i'E~ 
=6456 
U'STE2: 
CALL 
Ef'BRK 
=6457 
RET 
=6458 
SIZECHK 
=6461 ~ 
SIZE 
SET 
2S 
=6462~; 


=6463+; *.********.*****"'*__ 
~'******"'**_.*_*************. 


P2. 199110099B 
l!fa,A 
P1, INOT ENBRPoPI 
1'1, JENBLNK 
~f'SlEP 
fl,~1 


; ~IflIllE 
LINK WRITES. 


; 111m 
ACCtO LIlt<. 


; OISOOL[ BREflKPOINlS. 
; SET TO BREAK011 LINK R[FERUU. 


=6472 
; 
=G473 ; 
=6474 
$EJECT 


97f4 
'flf7 
97f6 
898C 
97F8 
9fflf' 
97fA 
B994 
97fC 
f:3 


934f 
99FB 
9~1 
8929 
8353 
B99S 
8355 
E955 
8357 
0A48 
8359 
C3 


8J5A f)865 
83SC 11917 


83SE 2349 
8:s69 3A 
9361 
ell 
8362 
C9 
8363 
S1 
8364 
2ll 
8365 
91 
8366 
f9 
8367 
9661 
8369 
83 


=6475 
=6518+ 
=6514 
; EPRIl 
=6515 
; 
=6516 
; 
=6517 
; 
=6518 
; 
=6519 
[Pm.: 


=652ll 
=6521 
=6522 
=6523 
=6524 


=6527+ 
SIZE 
=652C+; 
=6529+; ******'1'********_** 
__ 
**** 
** 


=653lJ ; 
=65sg 
; 
=6548 
=6588i' 
=6584 
; EI'8RK 
=6585 
; 


=6586 
; 


=65ll7 
; 
=65Il8 ; 
=6589 
EftlRI(: 
=6598 
=6591 
=6592 
=6593 
=6594 
=6595 
=6S9C+ 
SIZE 
=6599+; 
=aeet;*** 
*'I'_t 
_ 


=6699 
; 
=6618 
; 


=6611 
COOEBlJ( 16 
=6651+ 
(J:G 
C5{; 
=6655 
; OVSIR' 
0\0{Rlfl',' !lIP. 


=665(; ; 
SloWS BlOCK Of DP.lflB'1'TES <USER'S PROORfIl) IlETIEEN PI" RAI'I& EP PIt. 
=6657 
()\I".JWlf': 
I'1OY 
RIl,lOYlllf+OYSIZE 


=665C 
PlOY 
R1, IOYSIZE 


=6659 
PlOY 
Pu I91ll89OOOO 
=6668 
WTL 
fr2, A 
=6661 
W...ll1: 
DE(; 
R9 


=6662 
DEC 
R1 
=6663 
IK)V,( 
fi, @R1 
=66C4 
XCH 
11,([lR8 
=6665 
It:lVX 
@RL A 


.=6666 
roY 
A, Rl 


=6667 
JNZ 
0VSW1 
=666ll 
RET 
=6669 
SI ZECHK 
=6672+ 
SIZE 
SET 
16 


COOEBLK9 
~G 
29](; 
RELEASES EP TO RI.fj IN PRBENT 
IlOO(. 


S1:Ql.OU 
I S AS FClllllS 
PUT I£IU',' 
~' 
IN [f' I'O>E; 
RAISE ISSTEP; 
RETlJ1N. 
fli. 


0Rl 
fH. 


0Rl 
RET 
SIZECII< 
SET 
9 


Pi, II«JT CLREFF 
P1, IClRBFF 
P2r II«JT Il1ll9llllllll1l 
Pi, 18119881808 


; CLE~ 
flI..'IJI( fIF. 
;R[-ElfR[ 
BREAKFIF. 
; ElfRE 
Ef' COOTRG. l»' I£PI PIlRAV 
; fREE EP TO RlIl IIlTiL 
1JREfl(. 


COOEBl.K11 


~ 
847 
REllAIN COOTROl.Of 1'I:IG'1' ARRftYfro'! 
EP. 


DROP ISS1EPi 
IIlIT 
39 USECS. ; 
PUT I£IB:V 
ARRfl'l' IN If' I'O>E; 
RETlJ:N. 
fli. 


0Rl 


I10V 
()JNZ 


0Rl 
REl 
SIZECII< 
5[T 
11 


Pi, II«JT 98lJ9ll19llE 
Pi, II'kWJT 
RLIS 
R1,$ 


P2,l91ll9llllllll1l 


; fREEZE ElU.ATI(Jl 
PROCES~. 


; SIGIft. 
EP IS OOT RlHlING 
USER COOE. 


i DELA'l' FOR EF' TO FiNISIi 
INSTROCTION. 


; SEIZE COOTf<Il. or 
I'UI Fm1'l' 


8J6R E917 
836C 2348 
8J6E 311 
836r 
C8 
8378 C9 
8371 F8 
un EJ 
8373 91 
8374 F9 
9375 9G6F 
8377 83 


=6673.; 


=6674+; *************--**********~,********--**-*-* 
=66ll3 ; 
=6684 
COOEBlK14 
=6724. 
lJ.'G 
874 
=6728 ;!M..lm 
lMRlA'l' u:m. 
=6729 ; 
IUt'ES [)lOCK IF DATOOVTES(PoSSllllED 
SlU:CE) 
FR(Jl f'G3 10 0' 
1"1 
=6739 ; 
T~ 
IF D/lTR BlOCK l~ 
f1N) BlOCK lEt«lnl 
DETERIIII£D 8\' k'8 fH) R1. 
=6731 !M..lm: 
IllY 
RL IOYSlZE 
=6712 
IIJV 
R, Ill1l1l19ll98E 
=C733 
WTl 
F"Z,R 
=6734 111.01: 
DEC 
Rll 
=6735 
DEC 
R1 
=6736 
IllY 
fl, R9 
=(,737 
11M3 
fl, l!fI 
=673fJ 
IIJ\IX 
@R1,A 
=6739 
IllY 
r~R1 
=6748 
JPlZ 
M01 
=6741 
RET 
=6742 
SIZECI« 
=6745+ 
SIZE 
SET 
14 
=6746+; 
=6747+; 
****"4'** 
__ 
*******_********__ 
*_*** 
=67S6 $EJECT 


inter 


8J78 
8J78 
8J78 1489 
8J7A 88 


8J78 
8J78 1489 
8J7l> 88 
8J7E 88 


8J7F 
8J7F 1489 
8M 88 
8182 88 
818J 88 
8J84 88 
8JSS llll 
8186 88 
8187 88 
8J88 88 
8Je9 88 
8J8A 88 
8J88 88 


:(;7'Sl ; 
=675Il ; --------------------- 
=6759 ; 
=(;768 ; 
=6761 ; 
=£762 ; 
=6761 ; 
=6764 ; --------------------- 
=£765 ; 
=6766 
=6771+ 
=677S ; 
=(;77(, ;OW- 
=€m; 
=6778; 
:(;779 ; 
=6788; 
=£ro1; 
=6782 ; 
=£78J OYIIBRSEQU 
=6784 ~ 
0Yll8AS 
=678S 
CIU 
ll89H 
=6786 
10' 
=6787 ; 
=6788 ~ 
=6789 
=6798 
=6791 
=6792 ; 
=679J ~ 
=€t94 
=6795 
=6796 
=6797 
=£798 
=6f99 
=6888 
=6881 
=6882 
=688J 
=f.894 
=6885 
=6ll86 
; 


=Wl7 
ORG 
=6808 
=6889 ; 
=6819 
Sl<fCll< 
=681J+ 
SIZE 
SET 
22 
::f.814+; 
::f.815+;_ 
••••••• 
4•••• 
.141111.111*** 
••••••••••• 
u·_ 


liE RESTCF lHIS IlOOllE COO'AINSTIG:"INl-fOjlT~ 
IIlICll O'YU:lA\' 
HE EItl.ATllll 
PROCESS(l(~ 
RffI 10 GIVE lIE 
IflSTER PROCES~ fUESS 10 IN1ER:R. REGISTERS1M>f<fIl (J TIE Ef'. 


DATIIlK 22 


~ 
8B8 


OVERlAY10 ~ 
EP EXECUlllll AN) JIll' 
TO LOCRTllll 889H. 
LOCRT1l1l889H RI:OCIEDWITHTlI'-{J'-STfO: 
= RHlJ:N Il>DRESS+2 
Dl[ TO FlI1CEI)'au' 
DlJ/II«I IIlICll PC IllS II«:REI'l.NTEI>. 


LOCS88JH & 887H CIU llll9H TO SIItl.ATE SIlI£ coo lTIlIl 
IF JlREII( 0CClfIS ~II«I 
INlL'RI-.'tJ'TC't'Q.E 
Sllm 
COO[ F~ 
"INHDm~ 
OYERL.A'IEDO't'ERLOW~R 
f'RWdlPI RAl'l 


0VIlEflS+887H 
CIll 
889H 
10' 
10' 
10' 
10' 
10' 
10' 
10' 
10' 
10' 
10' 
10' 


0'f'IlIlAS+814H 
JI1P 
00911 


inter 


8JlJE 
8JlJE 
838E 1!41!1! 
8J91! Ill! 


8m 
8m 83 
8392 Ill! 
8393 Ill! 
8394 Ill! 


8395 
8395 83 
839C Ill! 


8397 
8397 911 
839B 42 
8m 911 
839A C7 
839B 7611 
839D 53F7 
8311 
839F 911 
8B CS 
83fl1 Fe 
83A2 Il489 


I)flTIRK 22 
CfIG 
918 
=6825 
=6839+ 
=6834 ; 
=6835 ;CN3- 
=6836 ; 
=6837 ; 
=6838 ; 
=6839 ; 
=6lJ4Il 0V3BAS EQU 
=6841 CfIG 
0V3BAS 
=6842 
Jlf' 
=6843 
IU' 
=6844 ; 
=6845 CfIG 
=6846 
=6847 
=6lJ4B 
=6849 
=685Il ; 
=6851 mG 
=6852 
=6Il53 
=GS54 ; 
=6S55 CfIG 
=6lJ56 


=6857 
=685Il 
::(;859 


=600! 


=C861 
=6862 OY3Il1 
=6S63 
=6864 
=6865 
=6866 
=6867 ; 
=6868 
SIZECH< 
=6871+ 
SIZE 
SET 
22 
=6872+; 
=6873+;---. 
__ 
._ 


=G882 ~JECT 


lM:Rl.R'1'TO SAVESTATUSI)flTAfFTER 1lREA(. 
00:, TlI£RltlXMIR, 
PSW(WITH F1), 
& RIll lOC 8 PASSEDSElItENllfUY 
10 I'F. 
SWlCE COOEF~ 
"IN I~ITOR 
0YERLR\'El)OYERll»l OOlEk PRmlfI'I RfIl. 


0Y3IlAS+1lI!3H 
RET 
10' 
10' 
10' 


OV3BflS+IlI!7H 
RET 
10' 


OY3BAS+IllI9H 
IlOVX 
~,A 
"OV 
A.T 
IIlYX 
@RIl,A 
"ov 
fl, f'C".>Il 
JF1 
OV3B1 
IK. 
n, 1111191118 
EQU 
~. (ll»l 0V3IlAS) 
IIlYX 
~.R 
sa 
~ 
"OV 
A,RIl 
JI'F 
I!Il9H 


• 


831M 949fl 
83ft6 99 


83117 
83117S3 
8JA8 99 
8Jft9 99 
8Jffl 99 


83m 
83/11 83 
8~ 
99 


83AE S8 
8M 
AS 
8J88 S8 
8381 F21J 
8J83 2S 
8J84 All 
8J1l5 9489 


83frl 
F8 
8J8S ll489 


=6S83 
=6881)+ 
=6892 ; 


DATFIllK 22 


lJ!G 
932 


OVERlAY 1 10 Gilt 
'" 
oca:SS 
TO EI' RI1I lOCS. 
91H-7FH. 


SlU<'C£ COOEFIJ1 "INHOm~ 
OYm.AYED OYER Ull 
~ 
F1100RfJlk1fl. 


=6893 ; 0Yi .. 


=6894 ; 
=6S95 ; 
=6896 OYiBAS 
EQU 
=6897 ; 
=6ll98 
=6899 
=6999; 


=6981 ~ 


=6992 
=6983 
=6984 
=6995 
=699&; 
=6987 (JlG 
=6988 
=6989 
=6919 ; 
=6911 ~ 
=6912 
=6913 ; 
=6914 OViB1 
EQU 
=6915 ; 
=6916 
=6917 


=6918 
=6919 
=6929 
=6921 
=6922 
=6923; 


=6924 0YiB2 
EQU 
=6925; 
=6926 


=6927 
=6929; 
=6929 
S1ZEOOC 
=6932+ 
SIZE 
5(T 
22 
=6933+; 
=6934+; .U••UU4••••***_ ••**.__ 
•••_411 
11•••••_ 


=6943 SEJECT 


OY1OOS+98JH 
J:£T 
10' 
10' 
10' 


0Y1BAS+987H 


RET 
10' 


IIlYX 
lIlY 
IUYX 


JB7 
xtH 
lIlY 
JII' 


8300 
83EJD 83 
838E 1I8 
8M l(j 


83C8 1I8 


83C1 
83C1 83 
83C2 1I8 


83C3 
83C3 98 


83C4 00 
83CS AB 
83C6 B8 
83C7 DI 
83CB AS 
83C9 B5 
83CA7213 
83CC 115 


83CD B8 
83C£ 62 
83CF 00 
8300 
93 


DATAIllK 23 
OCG 
954 
=6944 
=6949+ 
=6953 
; 
=6954 
; rN2.- 


=6955; 
=6956; 
=6957OV2BRS 
=6958 
OOJ 
=6959 
=6968 
=6%1 
; 


=6%2 
ORG 
=6963 
=6964 
=6%5 
=6966 
=6967 
; 


=G%S 
ORG 
=6969 
=6978 
=6971 
; 


=6972 
lJ:G 
=6973 
=6974 
; 
=6975 
=6976 
=6977 
=6978 
=(;979 


=6989 
=6981 
=6982 
=6933 
; 


=69lJ4 0'1281 
EQU 
=6985; 


=6986 
=6987 
=69lJll 
=69ll9 
=6998 


=6993+ 
SIZE: 
=6994·t; 
=6995+; ••.••••• 
_._ 
••••••• 
_ 
••••• 
__ 
•••• 
_ 


=7884 
$EJECT 


O\IERI.AYTO R[ST~ 
EP STATUS 5IM/) 
(Jj IlII'EfI( fH) RlSlK 
USER'S PRWlfIl. 


SOOlC[ COO[ FlJ: "INI-IOUTlJ: 
lMRlA\'ED 
OYER llll 
00)lR 
F'ROOr<fIlRffl. 


OV2BflS+lI83H 
RET 
N(J' 
IQl 
IQl 


0V2IlAS+lI89H 


I'IOYX 
@R9, A 


IllYX 


lIlY 


IlOYX 
lIlY 


CUI 
crt 


JB3 
eLf; 


A, l!R8 


Rij, A 
f!,l!R8 
I·~,A 
F1 


F1 
OV2E1 


F1 


IllYX 


lIlY 


IllYX 
RETR 
SIZEClI< 
SET 
23 


8301 
8301 CA88 
8303 l1fl 
831>49A7F 
8306 F21>9 
8300 83 
8JD9 F5 
83Dfl 848lI 


830C 
831)(;28432931 
83£8 39373920 
83[4 494E544~ 
83£8 4C 


7885 ; 
7IllI6 
COOEBlJ( 
11 
7846+ 
00; 
977 
i'858 
XPTEST: m. 
P2, Il}8H 
7851 
IN 
A,P2 
7852 
1M. 
P2, .<lIOT cal) 
7853 
JB7 
$+3 


78S4 


7855 
7856 
7857 
7868+ 
SIZE 
7861+; 


7862+; -*-**********************-,*-***-- 
7871 ; 
7872 
7112+ 
7116 


RlT 
sa. 
IIl1 
JIf' 
eeeH 
SIZECII< 
SET 
11 


COOEIllK 13 
~ 
9flC 
00 
'(C)1979 
INTa' 


7117 
SIZECH< 
7128+ 
~IZE 
SET 
13 
7121'1; 


7122'~;****t.•_********************_***** 
__ 
*************** 
7131; 
7132 ; 
7133 
7135+ 
7136+ 
7137+ 
7138+ 
7139+ 
714&+ 
7141+ 
7142+ 
7143+$[JECT 


RSOO1CE 
PGSIZE 
PGSIZE 
PGSIZE 
PGSIZE 
PGSIZE 
PGSlZE 
l'GSIZf. 
PGSIZI:: 


~lI90Il 
cm'G1-181ll 
00lf'G2-298I1 
OR(FG3-38Ill 
lJlGrG4"488I1 
CRG'G5-588H 
ORGPG6-68911 
ORGPG7-798Ii 


; CVTESUSED(II f'AGt II 
; B'r'lI!; 
USED (II PFa 1 


; B\'TES 
USE!) (II PAGE 2 
; BYTESlJS[I) (II mi: 3 
; BYTESW.£l> (II Pfl(£ 
4 
; ElVlES USED(fj PAGE5 
; BYTESUSED(II PIH 
6 
; BYTES lJC...cJ) 
00 PA(£ 7 


inter 
AP·55A 


LOC OOJ 
LII£ 
SlXRCE ~"TAID£NT 


7145 
i-***-***-*******----- 
7146 ; 
7147 ; 
rILL ALL lNJSEI) 1£10.'\' 
LOCIHHIIS IlIlH 10' 
f.FCOO[S 
7148 ; 
7149 ; •• ' •••• 
IIIIIIIt 
__ 
•••••• 
It ••••••• 
, 111111 
' •••• 
11111111 


7158 ; 
7151 $OCN 
7158 ; 
81FD 
7168 
(JlG 
lJlGPG1 
7161 
REfT (28lJl - cm'G1) 
(162 
DB 
9 
7163 
00II 
91FD 99 
7164+ 
DB 
9 
91FE 99 
7165+ 
DB 
II 
91FF 99 
7166+ 
DB 
9 
7Wli 
7175 ; 
931:9 
7177 
CMi:G ~ 


"(178 
REfT (48lll 
- cm:'G3) 
7179 
DB 
9 
7189 
00II 
93£9 119 
7181+ 
00 
\I 
93EA 99 
7182+ 
DB 
9 
93EB 119 
71S3+ 
00 
9 
93EC 99 
71B4+ 
DB 
9 
93ED 119 
7185+ 
DB 
9 
93EE 119 
7186'~ 
DB 
9 
93EF 119 
71S7+ 
00 
9 
93f'9 119 
7183·: 
00 
9 
93f'1 119 
7189+ 
00 
9 
93f'2 119 
719&+ 
00 
9 
938 
119 
7191+ 
00 
9 
931'4 119 
7192+ 
DB 
9 
93FS 119 
7193+ 
00 
9 
93f'6 119 
7194+ 
00 
9 
93f'7 119 
7195+ 
00 
9 
93f1l 119 
71%+ 
DB 
9 
93f'9 119 
7197+ 
00 
9 
93f'A 119 
7198+ 
DB 
9 
93FB 119 
7199+ 
00 
9 
93FC 119 
72lI9+ 
DB 
9 
93FD 119 
7291+ 
00 
9 
93FE 119 
7282+ 
00 
9 
93FF 119 
7293+ 
00 
9 
729S ; 
ll4fI) 
7297 
(JlG 
~ 
7298 
REPT (S8IIl - lllGPG4) 
7299 
00 
9 
7219 
00II 
ll4fI) 119 
7211+ 
DB 
9 
94FE 119 
7212+ 
00 
9 
lI4FF 99 
7213+ 
DB 
9 
7215 ; 


9SFf 
7217 
~G 
lJlG'G5 
721C 
REfT (6911-1- ORGI'GS) 
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JYWI'"",,"" 
-,1111.1-..' 


7219 
00 
II 
r.120 
00II 
05FF 00 
7221+ 
DB 
II 
7223 ; 
86Ff 
722S 
OOG 
lJlGPG6 
7226 
REf'T 
(78lI{ - lJ:GPG6) 
7227 
DEI 
II 
7220 
00II 
06Ff 
00 
7229+ 
00 
II 
7231 ; 
117fD 
7233 
I».'G 
cm'G7 
7234 
REPT (80lIH - 0I/Gf'G7> 
7235 
DB 
8 
7236 
00II 
117FD00 
7237+ 
00 
II 
117fE 00 
7238+ 
DB 
II 
117FF00 
7239+ 
00 
II 
7241 ; 
7242 $EJECT 


inter 
AP·55A 


LFILL 
46721 
4676 
LFIill 
4674 
4677. 
L.PGSEI.4832 
4S90 
5832 
5111 
51621 
LSTBR1 5113 
51161 
LSTBR2 ~115 
5117. 
LSTBRk 4978 
4979 
5111. 
L5TDII 4975 
4m 
S811 
58321 
LSlINT 4977 
S098I 
LST~ 
2459 
2615 
~7 
46n 
4957. 
LSTFIl 
4974 
~9S1' 
LST~ 
J9S2 
5IlSSI 
LSTREG 4976 
5837. 
LSTTIll 4971 
49741 
Ie 
5511 
M 
SS2I 
IfI)I) 
4381 
1816 
2386 
2438 
5358 
IftlOC 
4351 
5:>114 
III1N 
1434 
15391 
1546 
2349 
2414 
2417 
2422 
2427 
2S89 
2620 
1I11N2 
15441 
3129 
IIlIIfl 
1594 
16991 
IIlIIil 
1G721 
1674 
IIlIIfJ9 
1798 
18381 
IIlIIIl1 
1831. 
1847 
11111«:1 1716. 
1762 
IIlIIt> 
1741 
1001. 
IIlIN>1 
1742 
176C1 
11K. 
4481 
IO.OCK 
1651 
1387 
1315 
1323 
IIlEC 
471. 
:ss29 
Pl)JNZ 
4751 
4841 
4328 
4456 
4566 
5969 
I£IIlI 
11581 
3824 
488S 
I'EN..O 
11491 
3851 
4829 
46SS 
I'ERRCR 1592 
1C581 
"II«: 
46"1' 
1743 
2811 
2875 
'"-01 
67341 
6748 
lIllY 
3981 
1558 
1~74 
1699 
1~ 
1649 
1682 
1716 
1766 
1782 
1001 
1976 
1994 
:1172 
2248 
2329 
2464 
2482 
2541 
2S81 
2714 
2729 
2756 
2787 
298S 
2838 
.2856 
2893 
2923 
29~ 
29S3 
2%l; 


3882 
3863 
31191 
3286 
322S 
:5244 
3263 
3283 
3381 
3322 
3349 
3423 
3433 
3452 
3471 
3499 
3519 
3SS7 
3S78 
3001 
3S28 
3SSS 
39S7 
3981 
39% 
4911 
4965 
4257 
4284 
4392 
4419 
4587 
4639 
4759 
4783 
4798 
4814 
4836 
4854 
4878 
4957 
49S1 
4996 
S912 
5837 
59SS 
5999 
51&! 


5191 
5343 
5369 
5455 
5541 
5575 
5591 
5619 
S6SS 
5673 
5687 
5783 
S721 
5892 
5&75 
5951 
6959 
C978 
6152 
6223 
6299 


/O)(JJT 
J.m 
3&41 
6598 
lOll. 
4451 
<."Al8 
3631 
51/8 
II'USEL. 
553. 
/Ill 
4S2I 
/IllC 
4941 


I1RR 
4861 


I1RRC 
4981 
4437 
4548 
SS92 
IC(CU 
4551 
IC<Rl 
4591 
Nm.S 
6141 
5591 
1£61 
7291 
2341 
5678 
I£XTPl 
1283. 
22S3 
2'69 
58l:)0 
5Se6 
5969 
5974 
NIBn 
3782 
37881 
NWIN 
3627 
3638 
36991 
NIBIN2 3553 
37891 
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inter 
AP·55A 


HIIlO 
4159 
4161 
43001 
/GlRI( 
1S21t 
1928 
IIMI.S 
1JS1t 
1416 
NlEPTS 1238t 
5564 
55S4 
5684 
IIK:OO 
11851 
1662 
18:ro 
2181 
2469 
2475 
2723 
NXTlOC 5582t 
5646 
lJ>TFIl1 1991 
19113 
1S04 
1~ 
19l16 
19221 
lJ>Tf112 19l17 
1905 
19251 
lJ'TFIl3 
19l12 
1999 
1927t 
lJ>T1~ 
11941 
1641 
1698 
1791 
1819 
~ 
1~'St 
1499 
1431 
14491 
1528 
1529 
1873t 
1947 
2157 
2158 
22381 
2234 
2399 
2367 
2518 
2651 
2652 
26741 
2679 
3148 
3399 
3617 
3618 
36S1t 
36S5 
3m 
3771 
:s921 
41116 
4141 
4188 
4234 
4369 
4495 
4629 
4695 
4696 
4729t 
4724 
4917 
5138 
~ 
~64 
5399 
5414 
5761 
5848 
5999 
E;833 
6111 
61fJ5 
6259 
6336 
6482 
647'1 
6542 
6613 
6686 
7998 
7974 
71~ 
{1~ 
,153 
lllIFG1 
1291 
1952 
1~ 
2153t 
2239 
2248 
22%1 
23115 
2396 
2363t 
2372 
2523 
2684 
3153 
3484 
3699 
3691 
37381 
3748 
3141 
3765t 
3776 
3926 
4111 
4112 
4137t 
4146 
414l 
41761 
41s:i 
4186 
4213t 
4239 
4365 
4599 
4625 
4/29 
4922 
~143 
~39 
5231 
5268t 
5269 
5314 
5419 
5766 
5&45 
~914 
6938 
6116 
6199 
6264 
6341 
6497 
6482 
6547 
6618 
6691 
(913 
7979 
/136 
7159 
716(j 


lJ<GPG2 139t 
2377 
2378 
2514t 
2528 
2529 
2647t 
2639 
3158 
3489 
3419 
3G13t 
37S1 
3931 
4244 
4379 
4595 
4639 
4631 
4691t 
4734 
4927 
5148 
5274 
~75 
5385t 
5319 
5424 
5?71 
5S5ll 
5919 
6943 


6121 
6195 
6269 
6346 
6412 
6487 
6552 
6623 
6696 
,9111 
7984 
/137 
7169 
/179 


lllIFG3 
1311 
1334 
1335 
13951 
1877 
1~78 
1943t 
6577 
6578 
668St 
6648 
6649 
6682t 
6721 
6722 
67S5t 


6768 
6769 
6823t 
682l 
682S 
6SS1t 
6885 
68S6 
69421 
6946 
6947 
7993t 
7943 
18« 
79791 
7199 
7119 
71381 
7138 
7176 
7177 
lllIFG4 
1321 
2694 
2695 
31441 
3163 
3786 
3936 
4249 
4259 
43551 
4375 
45111 
4739 
4932 
5153 
5154 
5229t 
S"Q4 
5429 
5776 
58S5 
5924 
6948 
6949 
6197t 
6126 
6200 
6274 
6351 
EA1i' 
6492 
6557 
6628 
6791 
7923 
7889 
7139 
7296 
7297 
lJ\'GPG5 
133t 
3168 
3169 
3399t 
3791 
3792 
39161 
3941 
4388 
4381 
4491t 
4515 
4744 
4937 
~329 
~339 
5489t 
5434 
5781 
5S69 
5861 
59ll5t 
592':1 
6131 
6285 
6279 
6356 
6422 
6497 
6562 
6633 
6796 
7928 
7994 
7148 
7216 
7217 
(J,'lJ'G6 
1341 
3946 
3947 
4192t 
4528 
4521 
46151 
4749 
4759 
4913t 
4942 
5439 
5786 
5787 
5836t 
5934 
5935 
6929t 
6136 
6219 
6284 
6361 
6427 
65Il2 
6567 
6638 
6/11 
7933 
i1l99 
7141 
7224 
i'225 


~7 
1351 
4947 
4948 
5134t 
5444 
5445 
5r-i7t 
6141 
6142 
611l9t 
6215 
6216 
62551 
6289 
6299 
63381 
6366 
6367 
6398t 
6432 
6433 
64711 
6597 
6588 
6537t 
6572 
GC43 
6716 
7938 
,194 
/142 
7232 
7233 
OOTClR 1624 
19741 
2556 
OOTl1SG1797 
1827 
1975t 
OOTUTl 1542 
1973. 
2326 
2713 
2S93 
3124 
3185 
lMlBflS 3187 
6783t 
6784 
67C8 
6793 
6007 
OY1B1 
6898 
6914t 
0Y1B2 
6919 
6924t 
0Y18RS 1426 
3281 
6451 
68%1 
6991 
6997 
I 6911 
6914 
6924 
0Y2E1 
6981 
6984t 
0Y2IlAS 2921 
6957. 
6958 
6962 
6968 
6972 
6984 
OY3B1 
6S69 
6862t 
0Y3EI¥.; 3203 
68481 
6841 
6845 
6851 
6fJ55 
6lJ62 
0't'Ilt.F 
13191 
4828 
5926 
6657 
OYLOOD1427 
2922 
3188 
3204 
3282 
6452 
67311 
OYSIZE 
646t 
1321 
1426 
2921 
3187 
3293 
3281 
4812 
5019 
6451 
66~7 
665S 
6731 
0YSW1 66611 
6667 
()YCjff' 29S5 
2995 
310C 
6657. 
rm 
15181 
1924 
!'DIGIT 
517t 
549Il 
!'ERROR 1859 
2212 
231llt 
2633 
3989 
3599 
3716 
6455 
F'GSllE 71351 
71361 
7137. 
7138t 
71391 
7148t 
71411 
7142. 
PIff'UT 
5281 
54S1 
PlUS1 
699t 
2476 
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P1.USJ 
7141 
2268 
PRNT1 
28119 
28391 
PRNT2 
19941 
2829 


PSEliU 
5181 
1414 
5476 
5491 
5818 


PSElLO 
5191 
1413 
5477 
5489 
5819 
RIlElAY 12481 
56% 
5716 
6972 
6807 
RECI)(Jf 3524 
35491 
RECTYP 12751 
3583 
3587 
REGC 
1293. 
4485 
4442 
4553 
4596 


RE~ 
191. 
1335 
1481 
1529 
11178 
1948 
1953 
2158 
2235 
2248 
23ln 
2386 
2368 
2373 
m8 
2519 
2524 
~ 
2652 
2688 
2685 
2698 
2695 
3149 
3154 
3159 
3164 
3169 
349lI 
3485 
3419 
J61ll 
3686 
3691 
3736 
3741 
3Ta 
3777 
37112 
37117 3m 
3922 
ffl7 
3932 
3937 
3942 
1947 
41117 
4112 
4142 
4147 
4181 
4186 
4235 
4248 
4245 
4~ 
4J61 
4366 
4371 
4376 
4381 
4496 
4:i81 


4596 
4511 
4516 
4521 
4621 
4G26 
4631 
4696 
4'('25 
4i'39 
4i'35 
4748 
4i'4:' 
4759 
491!l 
4S23 


4928 
4933 
4938 
4943 
4948 
5B9 
5144 
5149 
5154 
5226 
~31 
5265 
5279 
~75 
:'319 
5315 
5328 
5325 
5339 
5415 
5428 
5425 
5439 
:>435 
5448 
5445 
:'762 
5i'6"1 
STI2 
'J71i' 
57S2 
5781 
5841 
5846 
51151 
5856 
51161 
5919 
5915 
:'928 
5925 
5938 
5935 
6934 
6939 
6944 
6949 
6112 
6117 
6122 
6127 
6132 
6137 
6142 
61SG 
6191 
6196 
6291 
6296 
6211 
6216 
6269 
~ 
6279 


6275 
6289 
6285 
6298 
633i' 
6342 
6347 
6352 
6357 
6362 
636i' 
6493 
6488 
6413 
641!l 
6423 


6428 
6433 
6478 
64113 
648ll 
6493 
64~ 
6593 
6598 
6543 
G548 
6553 
6558 
6563 
6568 
65"13 
6578 
6614 
6619 
6624 
6629 
6634 
6639 
6644 
6649 
G6ll7 
6692 
6697 
67El2 
6797 
6i'12 
6717 
6722 
6769 
6ll2ll 
6886 
6947 
i'999 
7914 
7919 
7924 
7929 
7934 
7939 
71144 
7975 
78llll 
i'985 


7998 
7995 
7198 
7195 
7119 
RERRal 2317. 
2348 
RINT 
15281 
1923 
ROTCHl 
8861 
5501 
5646 
ROTPIlT ll65I 
54112 
5507 
5514 
5529 
RSlUC 
2761 
7133 
SCfIC 
5557 
55751 
SCfKj 
5532 
5566 
5589 
5689 
5644. 
SCIHl 
5672 
5682. 
SE!iW 
1311. 
2213 
5486 
58711 
:'965 
SINl 
1'J23' 
1928 
SIZE 
13851 
1388 
14391 
1442 
1863. 
1866 
1S33. 
1936 
2143. 
2146 
22281 
2223 
22861 
22119 
2353. 
2356 
25941 
2597 
2637. 
2649 
26641 
266"1 
31341 
3137 
33881 
33!l3 
3693. 
36QE; 
3671. 
3674 
37291 
3723 
37551 
3758 
39861 
3999 
48921 
489S 
4127. 
4139 
41661 
4169 
4283. 
4286 
43451 
4348 
4481. 
4484 
46951 
468e 
4681. 
4684 
47191 
4713 
4993. 
4996 
51241 
5127 
52191 
5213 
52591 
'J253 
~ 
5298 
53991 
5482 
5747. 
5759 
58261 
5829 
58951 
5898 
69191 
fAl22 
6997. 
6198 
61791 
61n 
62451 
6248 
63281 
6323 
63881 
6391 
64611 
G464 
6527. 
6539 
659111 
6691 
66721 
6675 
67451 
6748 
6813. 
6816 
68711 
6874 
69321 
6S35 
6993. 
6996 
7lI68I 
7963 
71291 
7123 
SIZECH 
2791 
1382 
1436 
1869 
1939 
2148 
2217 
2283 
2359 
2591 
2634 
2661 
3131 
3377 
3698 
3668 
3717 
3752 
3983 
48119 
4124 
4163 
4298 
4342 
4478 
4692 
4678 
4791 
4989 
5121 
528i' 
5247 
5292 
5396 
5744 
5823 
5892 
6816 
6994 
6167 
C242 
6317 
6385 
6458 
6524 
6595 
6669 
6742 
61119 
6868 
6929 
6998 
7957 
7117 
Slftfl 
11221 
24117 
2493 
2m 
3465 
3817 
4m 
4998 
5184 
5178 
SlR.O 
11131 
1671 
1ll]1 
248ll 
2557 
2745 
286S 
2888 
]314 
3341 
34!l4 
3844 
4!l9i' 
4823 
4845 
4879 
5985 
5821 
5846 
5999 
5288 
5238 
5282 
5352 
62]2 
6398 
STRrol 
1623 
2837. 
STRW: 
1927 
28541 
STRIIEII 1922 
1925 
2847. 
2555 
SlR1lI' 
1257. 
1989 
2893 
2816 
STRUTl 1973 
28321 
STSIM 
395G 
3962 
3133. 
TCRlFO J886 
31194 
3975 
41191 
TIINT 
54541 
5742 
TlRETl 
5647 
5791 
5721. 
Tm'll. 
3846 
57421 
5891 
6977 
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, 'lUUI 
,J.>n 
.•.•''0 
.....•.. 


TYPE 
11761 
1429 
1579 
1585 
1748 
1771 
1m 
1822 
2448 
2559 
:seu 
3972 
4(6lJ 
4966 
5171 


II'DH>1 22C5I 
25S8 
3371 
lI'DfI)R 
2195 
22481 
YER9«l 1llS1l1 
IIlRI( 
1'5221 
1928 


11)151' 
2819 
2\n9 
2269 
22/4 
2S68 
1m 
59481 


11>lSP1 59S8 
5991. 


Xf'COO[ 
8m 
1419 
1539 
2318 
5799 
5949 
61~ 


Xl'TEST 1411 
1549 
2319 
S88ll 
59S9 
6151 
leset 
ZE.RO 
6841 
1579 
1586 
1778 
2494 
3428 
:re6ll 
5667 


Cl!O!>SREFEROCE ClIf'lETl': 


infel' 
Ap·55A 


BRKFIL 2433 
2437. 
IlRKNXT24591 
2499 
EU"CNT 12661 
344C 
3519 
3534 
:mll 
3990 
4346 
BtflEN 
6621 
1329 
3S75 
B'!'TEI1 3554 
3&."lJI 


B'!11:JN 3432 
3451 
3479 
3489 
3525 
1627. 
INTEO 
3995 
4918 
4925 
482S 
4839 
4387 
41541 


CGO 
29S6 
38821 
CG(H3 
3919 
39391 
CGlJ'AT 3822 
392S1 
CGOSS 3821 
39341 
CGOTRA3823 
39m 
CG(JIl 
3li2Il 
39261 


CIflRCR 3393. 
4119 
CIflRIN 3417 
3549 
3699 
37491 
OHU 3394. 
4121 
CIm«J 
5981 
1313 
1349 
137ll 
564B 
5871 
5re7 
5998 
~ 
3891 
389G 
3977 
3900 
4831 
4837 
4128 
4122 
4392. 
Clt:ERR 3Sl7 
35981 
Cll(5lt! 
003. 
3428 
3566 
3573 
3664 
3665 
386il 
4974 
49&1 
4155 
4156 
CI8 
45311 
4531 
4532 
CI1 
4533. 
4533 
4534 
4536 
CI2 
4537. 
4585 
cn 
4539 
4542. 
CI4 
4541 
4545. 
CIN 
3749 
45291 
C1(Sl'O< 3551 
357111 
ClIJlR 
1974 
58791 
CLRBFr 
5341 
C519 
6S28 
OOINT 
1836 
11:42 
11:45 
11)5'5' 
CIf'IIl$ 
3871 
%73 
5343. 
CII'RET 53951 
CNTRlL 33951 
3418 
3420 
3895 
CNTTBl 3977 
3llC8I 
CNTTRA3983 
3984 
39911 
C01 
4427. 
4415 
CO2 
4427 
44391 
cm 
4429 
4433. 
COOEBl 
1991 
1391: 
1526 
1945 
2155 
2232 
2291) 
2365 
251(; 
2649 
2(;77 
3146 
3397 
3G1~ 
3683 
3m 
3769 
3919 
4184 
4139 
4178 
4232 
4351) 
4493 
4618 
4693 
4722 
4915 
5136 
5223 
:i262 
5397 
5412 
5759 
51)38 
5997 
6831 
6189 
6183 
6257 
6334 
6488 
6475 
.6548 
6611 
6684 
1996 
7972 
CMBR 
2497 
241'.11 
rot-IL 
1428 
1432 
2426 
46391 
COIGJl 
2429 
2992. 
WlSl)R 
2486 
24361 
mtSIZ 
1596 
18991 
CTAB 
1557 
11;981 
WID IG 
92llI 
5473 
5484 
5C47 
564S 
DATABI. 2441 
1332 
1815 
6766 
6825 
6883 
6944 
DATO 
4929 
4833. 
DAT01 
49341 
4868 
DBLfH( 2215 
58721 
~74 
DBl'NT 2936 
29C5I 
OORK 
15191 
1924 
OCB 
2045 
218G1 
00IllRK 2953 
,1.:"21 


DDfIEIl 2849 
211C1 
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inter 


D!:.BIU 
6381 
DECU¥! 1781 
sPA 
848 
869 
1863 
1972 
12Il7 
1216 
DlCSll1 52C6 
5291. 
DlCSlll 2639 
52321 
[)(lAY 
3195 
69591 
OCLR'l'16877. 
6992 
~2833 
2063. 
DrIll 
2948 
2Il%I 
DOO 
2939 
29941 
Da'RTS 5943 
59961 
()(i1 
2946 
21001 
DINTRG2951 
2124. 
DLSl 
2941 
~ 
DIll) 
2938 
2092. 
DIUlRI( 2955 
21291 
IXH: 
3419 
35951 
DPA 
2958 
21351 
DPRIlRK2952 
21291 
DmEII 
234S 
21141 
m:C 
2942 
21991 
om. 
2943 
21921 
DDI 
2959 
211l.l1 


DRlIl 
2935 
297&. 


I)5E; 
2944 
21941 
DSGIDI 2934 
29781 
If.1'OCC 2276 
2279 
DTHI 
2268 
22761 
DTLO 
2275 
22891 
0SPIl1 
2273 
2279. 
DSPIlID 2277. 
3375 
DSPTI" 1941. 
3199 
DSP11I' 
8291 
5948 
DSS 
2957 
2133. 
DTR 
2959 
2137. 
DIIlIi)( 
2956 
2131. 
aSIF1 
2186 
21S!J 
a5IF2 
2294 
2297 
EJRlI 
11491 
53ge 
Elft.U 
1131. 
5364 
EJnN( 
5291 
3197 
~ 
S28t 
3197 
EN)F1 
38B8I 
3893 
EN)FIL 3872 
38841 
EN>REC49641 
[/nEC 
3887 
3991. 
EF'OCC 
9691 
2977 
U'm( 
1425 
3183 
ErCNT 
2921. 
3197 
EPCOOi 2785 
2!)951 
[f'C{IjT 272ll 
27m. 
IJ'F[T 
3319 
3343 
EPPASS 2937 
z<J52 
Ef'PCHI 19141 
2779 
EPPClO 19951 
2752 


699 
616 
632 
899 
911 
932 
1981 
1899 
1999 
1225 
1234 
1243 


64S 
678 
685 
964 
973 
982 
1198 
1117 
1126 
1252 
1261 
1279 


799 
715 
739 
756 
991 
1998 
1999 
1918 
1135 
1144 
11:lJ 
1162 
1279 
12S8 
1297 
4216 


773 
799 
8117 
824 
192r 
1936 
194:i 
1854 
11i'1 
1189 
1189 
1198 


3219 
3374 
48S4 
5194 
6459 
6456 
65891 
3125 


4re2 
6223. 
29Q 
29S2 
3295 
3224 
~43 
:s262 
6237 
6239 
6249 
6298 
6314 
6315 
63781 
2914 
3362 
3379 
2m 
3335 


22921 
2213. 


I:I'r.>Il 
,(t/f 
0!lllltI 
M4( 
l'JIdt. 
CJ4( 
SL"J( 
S,C" 
EPRII 
996t 
2932 
3276 
4$63 
5884 


U'REL 
3842 
6445 
6S1~ 


m:ET 
311& 
3122 
, 3129. 
O'RSET 
536. 
1433 
29S4 
29CJ6 
644S 
6453 


EPF.Ul 
2424 
2(121 


EI'I"lJl1 39461 
3951 
Ef'R1J12 38S9 
39621 
EPWl3 
3849 
3eS6I 
EF'R1.N431128 
3831 
39391 
Ef'Wfi 
38'57 
31151 
EPRI.N6 3981 
3982 
31191 
EPSSTF' 
S32I 
EPSTE1 6447. 
6448 
EP$TE2 6447 
64561 
E.l'STEP 29r.4 
3194 
3198 
63&2 
64451 


ErST~ 
2&74 
2929 
3349 
3369 
5053 
6297. 
EPTlIIR 
987. 
2962 
:m8 
ERRa1 
74& 
755 
782 
m 
816 
833 
lJ61 
3S2 
993 
924 
94~ 
D.~22324 
23491 
EXIllll 
25411 
2616 
EXAII1 2691 
26181 
EXlIl2 
2619 
2622. 
EXlin 
2624 
2627. 
EXIIM 
2629 
2632. 
EXIIIS 
2619 
2m. 
EXfIIIN 2419 
25491 
2626 
2631 
EXPIOl 
SS51 
rOlJf'1 
397& 
39961 
FD1J1'2 4926 
49391 
FDIJI'3 
4935 
49381 
FDlJI'4 
4964 
498BI 
FWI'S 
4934 
49361 
FIN)()' 
15991 
1609 
60TBl 
3916 
39191 
H 
13821 
42&0 
4325 
fIlO1 
4317 
43191 
4319 
18>2 
43181 
4339 
1IlIlUl\' 
42571 
4433 
4434 
4535 
4537 
453S 
IfJITHI 
19321 
4273 
IfJITLO 1923. 
4399 
IIlATiN 35191 
3547 
I£XRSC 4193. 
4388 
fEXIIlf 
1327. 
j864 
38~ 
39S6 
4933 
IEXNIB 4195 
41981 
IFI)(J£ 
388S 
3899 
3894t 
IEllEO 
2413 
2421 
3891. 
3&78 
fIlECIN 2416 
3417. 
342'.1 
3592 
Ift:CO 
3877 
3S84 
39SS1 
IIlEGA 
19591 
Ift:GB 
19681 
fIlEGC 
1977. 
IIlEOO 
19861 
Ift:GE 
19951 
Ift:lt 
11941 


IIf'LEIl 
1BSS 
2~'SI 
INCSIlA 1431 
2625 
3S29 
3873 
4675 
S23B1 
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IIDl 
52391 
IIDli 
5241 
~46' 
INIT 
14ll9t 
INITlP 
14131 
14~3 
I!f'f')1 
2187. 
2198 
IIf'AU! 
1835 
217l}t 
2493 
IIf'I([V 
1543 
1675 
1823 
1846 
2196 
2345 
246:; 
2589 
2658t 
:;115 
3119 


INVfI.S 13461 
1381 
1417 
mi' 
i'S6t 
1557 
1590 
1595 
1597 
1625 
1626 
1b4b 
1647 
1/95 
1712 
1715 
1725 
1732 
1761 
1839 


1832 
1833 
1837 
JOO1ES 24f18 
24291 
Jll'TBl 
2395 
23991 
JlorIL 
2492 
242£. 
JT(G) 
2481 
2424. 
JHliT 
2403 
24191 


JTC»m 
2400 
24191 
JTc.1EC 2404 
241:1. 
JTc.1El 
2405 
2416. 
KIlDBUf 12121 
2334 
2340 
5639 
5S11 
6161 
KBOI1 
5891. 
5816 
KBOIN 26S8 
57991 
KOOm. 3947 
3196 
61501 
KCLRB 1515. 
1900 
KEY 
7691 
1544 
1593 
1740 
184:; 
21S7 
22Il2 
2295 
2322 
2346 
2468 
25911 
2597 
2613 
2(i;{2 
2627 


2C59 
2783 
3116 
3128 
KEYCLR15951 
2323 
262lJ 
KEYDIl 151l4t 
1923 
1926 
m'EN> 
1581. 
1545 
1844 
2296 
2:;47 
2461 
2618 
3117 
m'FIL 
14991 
1993 
KEYFLG 9491 
5533 
~i'1 
S682 
m'GO 
1512. 
1992 
KEltOC 12211 
5550 
5(44 
5660 
')666 
KEltS)' 
15191 
1~ 
KE\'IQ) 1513. 
1m 
KEI'NXl 1500t 
Z293 
2623 
2734 
:;121 
I((\'F'AT 151m 
1929 
KEI"," 
1588t 
1923 
1~6 
KE\'REC 1sect 
1995 
KEYREli1599. 
1923 
KEI'RU 15921 
1996 
KE\'TRA 1597. 
1929 
KGlllES 1511. 
1989 
KSETB 
15141 
1987 
UlSTJ{\' 
9911 
5555 
S55G 
5Q6 
5633 
S678 
LDfiTR 
752. 
1858 
2'211 
2317 
"')-,"', 
2432 
24:;6 
~::ib2 
2565 
2697 
21,14 
2632 
2lJ28 
2835 
2919 
38118 
,-":'C.f 
3321 
1$44 
3346 
3361 
3368 
3526 
:>59£ 
:>629 
:>641 
364S 
JCG8 
:>66C 
3715 
3868 
4154 
4151 


4169 
4662 
4669 
4795 
5828 
Sll:n 
5911 
5978 
5196 
5112 
6297 
6454 
LDBYTE3867. 
3876 
LITER1 4897 
4899t 
LFEBRK 4100 
4/81 
4S90t 
LFIDPI 4m 
4797 
40'" 
4032. 
~.> 
LFIINT .4779 
4S70t 
LFO"Il 
4776 
4(83. 
LFER9 
4851 
4854. 
LrEREG 4778 
4S36. 
LrE1BL 4773 
47761 
LFElCH 2561 
3867 
4(94. 
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inter 


f'C.tG.O e.: 
RDElR\' 993f 
RE~ 
82CC 
RECTY!'9942 
kEGC 
9944 
RElJlG 8995 
RE~ 
9198 
IIINl 
9911 
ROTCNT8993 
R01PAT8982 
f<S(OC 9912 
SCIfG fme 
SCfHi 
9788 
. SCfNl 
9751> 
S[1iIf' 9946 
SII«i 
lJll1Il 


SIZE 
lI98I> 
SIZECH9911 
Slffll 
lI931 
Sltl.O 
9938 
STRWIlI91D 
snm:; 
882C 
sn.1EIl flIl26 
snalf' 
9948 
STRIJTl 9919 
STSIlYE9599 
TCRlFO81D2 
TIlNT 
8(4£ 
likEn 
97A8 
.,fFPlI. 8lOC 
II VOOT91148 
H'PE 
9937 


lI'DfI)1 817C 
If'l)fI)R 8178 
YERSIIl8829 
lIlRK 
9916 
II)1Sf' 
8600 
IIHSP1 86EE 
XPCOOE8997 
XPl~T 
IB01 


ZERO 
9999 


RSSEIIlLYClII'U.TE, 
NO[1i'R(RS 
• 


inter 
AP·55A 


ISIS-II 
ASSElItER 
SI'IIJOl 
CROSS REFEReNCe 
'.'2.1 
fflGE 
1 


?fl 
1851 
1614 
1629 
1637 
1659 
1658 
1721 
1787 
18116 
1818 
1977 
1985 
1999 
2177 
l388 
2444 
2546 
2S86 
2719 
2788 
27% 
2843 
2057 
2U65 
2893 
2919 
~28 
2943 
2958 
2913 
39(j7 
j868 


3996 
3287 
3215 
3226 
3234 
3245 
32S3 
3264 
3272 
328S 
:nll2 
m9 
3323 
3331 
3359 
Il58 
3434 
3442 
3453 
3461 
3472 
3400 
3491 
34~ 
~15 
3562 
3583 
3631 
3958 
1966 
39llC 
48111 
4916 
4919 
4393 
4491 
4592 
4764 
4738 
4003 
4819 
4841 
4859 
4875 
4962 
4986 
5891 
~7 
5942 
5995 
5167 
5189 
5196 
5348 
5360 
5374 
5386 
54~ 
~ 
5546 
J5L'9 
~92 
~ 
56~ 
5794 
5712 
5726 
5897 
5956 
6969 
686S 
6983 
6157 
6228 
6394 
?flSAYE 12351 
546(j 
5466 
5722 
5(21) 
?f: 
1289t 
4413 
4413 
4413 
4419 
4459 
4469 
4569 
4579 
?[;llf'NT 
117' 
/46 
7S4I 
763 
?l1l 
700 
7re, 
/97 
3051 
814 
822. 
1)31 
8391 
?£:llR2 
1191 
754 
?8llR3 
1111 
771 


'JB9R4 
112. 
lS--3 


'189R5 
113. 
005 
?B9R6 
114. 
r...,-, 
"". 
?fJ8R7 
115. 
039 
?()lPNT 
1261 
&'59 
:3£7. 
3£0 
£J8SI 
991 
9891 
'fa 
9391 
943 
9511 
?Il1R2 
1191 
867 
?Il1R3 
1291 
383 
'!!llR4 
1211 
999 
?Il1RS 
1221 
939 
'!!liR6 
123. 
951 
?f:1R7 
1241 
?()CO()[ 1163. 
1561 
1561 
1561 
156? 
1610 
1616 
2:;'99 
?()INOI' 
41~ 
1817 
231)7 
2439 
2999 
3632 
5179 
5359 
5305 
?()IT50 4217. 
4411 
?OO'CN 1262. 
3438 
3444 
3511 
3517 
3532 
3542 
3962 
3968 
3982 
3:JSll 
4844 
4954 
?BlflE 
64~ 
''C1ml 
5851 
5876 
?CH<SU 
7911 
3426 
3426 
3426 
355S 
3564 
3571 
3511 
3!)5S 
38Sfi 
3858 
4066 
4972 
4979 
4979 
?CalST 
1941 
585 
586 
599 
594 
Wl 
602 
6116 
G19 
617 
618 
622 
626 
633 
634 
631) 


642 
649 
650 
654 
65!) 
671 
672 
676 
689 
686 
687 
691 
695 
191 
792 
786 
719 
116 
717 
721 
725 
4217 
4218 
4222 
4226 
~I 
9121 
?OEEN: 
617. 
?l>SPTI 11m. 
:;'892 
3998 
?l>SPTI'l 8081 


?E1flI1 
1136. 
531)8 
?Dft.O 
1127. 
5362 
':'EPflCC 9651 
2969 
2975 
3211 
Tal 
?[1'PCH19191 
2761 
2m 
2912 
3354 
3369 
?EPPCl 
1991. 
2734 
27S0 
2006 
2814 
2(;19 
3327 
3333 
?£PPSW 
9741 
2192 
2798 
2839 
2845 
2894 
2998 
2939 
2945 
3249 
3255 
Q84 
32ge 
'!EPR9 
9921 
~24 
2939 
3268 
3274 
4E:S5 
4861 
)968 
5982 
?EPTI" 
SS3. 
~ 
2969 
3239 
3236 
'!fOOtl 
295. 
1615 
1634 
1655 
1688 
1695 
1722 
1745 
li'OiJ 
1887 
1819 
1982 
2999 
21113 
l178 
2:>89 
2441 
2445 
2547 
2587 
2729 
2735 
274;1 
2762 
2169 
l793 
l811 
2818 
2(;44 
~ 
28l? 
2m 
2911 
2'fd 
2944 
2959 
2974 
399l; 
3969 
3997 
3212 
3231 
32S9 
3169 
32&'9 
33il1 
3323 
3355 
3439 
3458 
3477 
34% 
3516 
3531 
3563 
35114 
3634 
3638 
3897 
3914 
31)34 
3841 
3963 
mi' 


4992 
4917 
4943 
4971 
4263 
4279 
4299 
4~7 
4322 
4398 
4439 
4458 
4559 
4568 
4593 
4645 
4652 
4765 
4r09 
4894 
4828 
4842 
4S69 
4876 
4963 
4987 
51192 
5918 
5943 
5961 
5968 
~ 
5168 
5181 
5197 
5349 
5361 
5375 
531)7 
5461 
5594 
5547 
5581 
5597 
5616 
5623 
5693 
5789 
5727 
5898 
5957 
5971 
6865 
69!)4 
6153 
6229 
6395 
?f(J/JQ 
3191 
1638 
1659 
1692 
1792 
1986 
2739 
2749 
2766 
2776 
2/97 
2815 
2ll:!5 
2S66 
3216 
3235 
3254 
3273 
3311 
3332 
3359 
3443 
3462 
3481 
~ 
3811 
3821 
3830 
:l84ll 
3967 
4167 
4277 
4294 
4394 
44112 
4649 
4659 
5965 
59S1 
540'"5 
5691 
5C29 
5636 
5713 
6969 
?f~ 
339. 
1755 
2923 
2452 
2887 
3541 
3651 
4953 
4332 
4449 
446S 
456l:i 
4578 
5528 
5981 
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?f(l1ltj 
3001 
1569 
1516 
1611 
1638 
1~1 
161M 
n18 
1/68 
1784 
lell3 
1978 
1996 
2174 
2258 
2331 
2466 
2484 
2543 
2583 
2716 
2731 
27~ 
2789 
~7 
2848 
2858 
~ 
2925 
2948 
2955 
2978 
3884 
3965 
3893 
3200 
Yl27 
3246 
3265 
3285 
3383 
3324 
3351 
3425 
3435 
3454 
3473 
3492 


3512 
J559 
3588 
3883 
3838 
3857 
3959 
3983 
me 
4813 
4867 
4259 
4286 
4394 
4412 
4:>G9 
4641 
4761 
4735 
4C80 
~16 
4838 
48S6 
4872 
4959 
491:3 
499S 
5814 
~39 
S€l57 
5992 
~1(,4 
5193 
~345 
~371 
5457 
~3 
5577 
~93 
5612 
~7 
~75 
~;9 
~785 
5723 
S884 
~77 
~953 


6861 
68l)8 
6154 
6m 
6381 
?II 
12981 
4262 
4273 
4323 
4331 
'!lilITH 18281 
4253 
4266 
4211 
'IIIITL 
18191 
4285 
4293 
429t 


?I£IDJ 
13241 
?ll!EGA 18551 
?!I"EGBl8641 
?ll\'[GC 19i'31 
'M.'EOO1OO2t 
?IH:G£ 
18911 


?lnlr 
11881 
?lTIt' 
(741 
1687 
1IlB 
1710 
1710 
1717 
IT<'3 
1738 
me 
?KEOOJ 12881 
2332 
2332 
23~ 
233B 
~615 
5637 
5883 
:)389 
6153 
6159 
?KEY 
7571 
2532 
2SS8 
~'595 
2595 
?KEY!'l 
9331 


?KE\tO 12171 
5542 
5S4S 
56S8 
Y.-5!: 
5C58 
5664 
?If¥-;Tl( 
3911 
~11 
5619 
5624 
5631 
5631 
~76 
)(,76 
5676 


?LDATR 7481 
2818 
2826 
2833 
2833 
3633 
36~"9 
3b4C 
3646 
3652 
:>658 
3658 
4644 
4C6ll 
4667 
4667 


S8S6 
5864 
5869 
5076 
5876 
?lOOT 
13331 
1388 
13991 
1442 
1527. 
1866 
18761 
1936 
19461 
2146 
21561 
2223 
22331 
2289 
229'JI 
2356 


23661 
2"""7 
~171 
2648 
26591 
2667 
26781 
3B7 
31471 
3383 
3398. 
36e6 
36161 
3674 
36841 
3723 


37341 
37S8 
37791 
3S99 
39~'8I 
4895 
41851 
4138 
41401 
4169 
41791 
4296 
42331 
4348 
4~9t 
4484 
44941 
4688 
46191 
4684 
46941 
4713 
4T<'31 
4986 
49161 
~127 
51371 
:i213 
~224' 
5253 
~2631 
:i2~'8 
538l)1 
5482 
54131 
57S8 
57601 
5829 
58391 
5898 
599!J1 
6822 
68321 
6100 
611i11 
6173 
61841 
6248 
6<."581 6323 
63351 
6391 
64811 
6464 
64761 
6538 
65411 
6681 
6612. 
6675 
66851 
674ll 
67671 
6816 


68261 
6874 
68841 
6935 
£8451 
69% 
7887. 
/863 
i'8nl 
7123 


?IIJIH 
11541 
3S86 
3S22 
3997 
4883 
?l£lt.O 
11451 
JS33 
3849 
4812 
4818 
4648 
4648 
4653 
?IIINDX 
1561 
%7 
9711 
971 
976 
9001 
989 
9~ 
9891 
91)9 
994 
99lJI 
m 
1993 
1007. 
1007 


1812 
18161 
1816 
1821 
18251 
1825 
lfl30 
18341 
1834 
1939 
1943. 
1943 
1948 
1952t 
1~ 
1~7 
19611 
1861 
1866 
18781 
1979 
1875 
19791 
180 
1004 
lll381 
1988 
1893 
1997. 
1897 
1182 
11llb1 
1186 
1111 
11151 
1115 
1128 
11241 
1124 
1129 
11331 
U33 
113S 
1142. 
1142 
1147 
11~11 
1151 
1156 
11681 
1168 
1165 
11691 
1169 
1174 
11781 
1178 
1183 
1187. 
1187 
1192 
11%1 
1196 
1281 
128S1 
1285 
1219 
12141 
1214 
1219 
12231 
1223 
1228 
12321 
1232 
1237 
12411 
1241 
1246 
12:l01 
1258 
1255 
12591 
1259 
1264 
126&1 
1268 
1273 
12m 
1277 
1282 
12861 
1286 
1291 
12<J5I 
129::1 
1389 
13941 
1394 
1389 
1313. 
1313 
1317 
13211 
1321 
1325 
13291 
1329 


?IlSAYE 1581 
587 
683 
619 
635 
651 
673 
68S 
/93 
718 
742 
759 
f76 
793 
819 
iQ? 


851 
872 
893 
914 
935 
967 
976 
9S5 
994 
1993 
1912 
1921 
1830 
1939 
1948 
1857 


1866 
1875 
1884 
1893 
1182 
1111 
1120 
1129 
1138 
1147 
1156 
11G:i 
11/4 
1183 
11~ 
1201 
1218 
1219 
1228 
1237 
1246 
1255 
1264 
1273 
1202 
1291 
1:s89 
13{j') 
131/ 
1325 
4219 
?IULS 
6811 


'lIEG1 
7161 
~38 
5674 


?f£XTP1199t 
2251 
2~'51 
2251 
22'S? 
5878 
5878 
SC78 
58S4 
59::12 
5958 
5972 
59lQ 
?N<EPT 12261 
5576 
~ 
55% 
5682 
?IUl:O 
1181. 
1654 
1660 
2173 
2179 
2467 
2467 
2467 
2473 
2715 
2721 
?(FHO 
119E11 1633 
1639 
1683 
1691 
169(; 
wn 
li'39 
1892 
1898 
?OYBlJ' 13161 
?OYSIZ 
6331 
mUS1 
6f,6t 
246~ 
RUS3 
7011 
2249. 
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?Rl 
991 
428') 
4J85 
4312 
4312 
?RIll 
183. 
%5 
~ 
974 
975 
983 
934 
9'32 
993 
lfl81 
1882 
1818 
1811 
1819 
182ll 
1828 
1829 
1837 
1838 
1846 
1847 
1855 
1856 
1864 
1ll6S 
1873 
1874 
1982 
1883 
1891 
1892 
1188 
1181 
1189 
1118 
1118 
1119 
1127 
112S 
1136 
1137 
1145 
1146 
1154 
1155 
1163 
1164 
1172 
1173 
1181 
1182 
1198 
1191 
1199 
1298 
12Il8 
1M) 
1217 
1218 
1226 
1227 
1235 
1236 
1244 
1245 
1253 
1254 
1262 
1263 
1271 
1272 
12e8 
1281 
12lI9 
12S8 
1298 
1299 
''ROO 
1811 
748 
741 
745 
757 
75B 
762 
174 
a5 
(79 
m 
m 
796 
888 
B89 
f)13 


B25 
B2G 
838 


'JR81 
1821 
849 
cse 
B54 
B5S 
878 
1171 
875 
879 
!l91 
ll92 
B96 
ge8 
912 
913 
917 
921 
933 
934 
938 
942 
?ROOJl 12441 
568S 
5694 
5788 
5714 
68EA 
6878 
6879 
68C5 


"JREm' 
12711 
3495 
3581 
3579 
3535 
':>REGC 12S9I 
4397 
4483 
4448 
4458 
4551 
4561 
4508 
4594 
?ROlCN 
8781 
?ROlPA 
6491 
5.585 
5512 
5512 
5S21 
5527 
5527 
?RSIlYE 
1441 
591 
595 
687 
611 
623 
627 
639 
643 
655 
659 
677 
6S1 
692 
696 
(87 


711 
m 
726 
746 
763 
7EJ8 
79( 
L'14 
831 
S55 
859 
!l76 
888 
8')7 
981 
918 
922 
939 
943 
4223 
42'i7 
?SECiIfl 1388. 
?SIZ[ 
2551 
1383 
1437 
1861 
1931 
2141 
2218 
22S4 
2.$51 
2582 
2635 
2662 
3132 
3378 
3681 
3669 


m8 
3753 
3~ 
4898 
4125 
4164 
4281 
4343 
4479 
4683 
4679 
4788 
49111 
5122 
~ 
5241) 


5293 
5397 
5745 
5824 
5!l93 
6817 
6895 
616!l 
6243 
6318 
6386 
6459 
6525 
6596 
667& 
6743 
6811 
6869 
6938 
6991 
785B 
7118 
?$Mil 
11181 
241)5 
241J5 
2485 
2491 
2757 
2765 
2778 
345""1 
3463 
3S82 
:sa19 
3815 
4784 
47S8 
4982 
4988 
5182 
5378 
5376 
?C..Ift.O 
11891 
2738 
2m 
2743 
2861 
2867 
2878 
2BBS 
3386 
3312 
3476 
3482 
31129 
:sa3? 
3842 
4799 
4B95 
4815 
4S21 
4837 
4843 
4871 
4877 
4997 
5883 
5813 
5819 
5838 
5844 
~ 
5891 
5192 
5198 
5344 
5358 
6224 
6238 
6388 
6396 
?START 13391 
13B3 
1383 
1391 
14851 
1431 
1437 
1445 
1533. 
1!l61 
1861 
1869 
1SS21 
1931 
1931 
1939 
1957. 
2141 
2141 
2149 
21621 
2218 
2218 
2226 
22441 
22S4 
22B4 
2292 
23181 
2351 
2351 
2359 
2382t 
2582 
2582 
2519 
2533. 
2635 
2635 
2643 
265GI 
2662 
2662 
2678 
26991 
3132 
3132 
3148 
31m 
3378 
3378 
3386 
34141 
3G81 
36Il1 
:>t89 
3622. 
3669 
3669 
"j(,77 
36951 
3/18 
3f18 
3Tc16 


37451 
3753 
3753 
3761 
3i'961 
39El4 
3984 
3912 
39511 
4898 
4898 
489S 
41161 
4125 
4125 
4133 
41511 
4164 
4164 
4172 
41981 
4281 
4291 
4299 
4254t 
4343 
4343 
4351 
43851 
4479 
44(9 
4487 
45251 
4683 
4683 
4611 
46351 
46(9 
4679 
4687 
47881 
4788 
4788 
4716 
4754. 
4981 
49111 
4989 
49521 
5122 
5122 
5138 
515111 
528S 
529B 
5216 
:i2351 
5248 
5248 
5256 
52791 
5293 
:J293 
:5381 
5334. 
5397 
5397 
5485 
54491 
5745 
5745 
5753 
5791. 
:>824 
:>824 
5832 
5B65I 
5893 
5893 
5981 
5939. 
681i' 
6817 
6825 
6853. 
6895 
6995 
6183 
61461 
6168 
6168 
6176 
62281 
6243 
6243 
6251 
62941 
6".$18 
6318 
6326 
63711 
6386 
6386 
6394 
6437. 
6459 
6459 
6467 
65121 
6525 
6525 
6533 


65821 
6596 
6596 
6684 
6653. 
6678 
6679 
6678 
61261 
6743 
6(43 
6751 
6773. 
6B11 
6811 
6819 
68321 
6869 
6869 
6877 
6B98I 
6938 
6938 
6938 
69511 
6991 
6991 
6m 
7lM8I 
785B 
i'85B 
(866 
7114. 
7118 
7118 
7126 
?STRm 
1253. 
19S1 
1987 
1m 
28l:I1 
2814 
2924 
?WI'E 
1172. 
1577 
1577 
1577 
1583 
1746 
1756 
1769 
1769 
1769 
1(75 
1829 
2448 
2446 
2453 
2542 
254S 
3883 
3889 
3864 
3878 
4768 
4766 
4958 
4964 
5163 
5169 


'!I.NlRY 
459. 
1744 
2812 
2876 
3539 
4842 
4321 
4438 
4451 
404!1 
4567 
5583 
:5979 
'MRSN 
18461 
?XPCOO 825. 
'!ZERO 
671. 
1559 
1575 
1767 
2483 
3424 
385C 
5656 
fFETCH 4784 
47591 
ASRYE 12391 
546lJ 
5738 
flSCERR 3784 
3711 
3715. 
B 
1284. 
4415 
4421 
44G1 
4529 
4571 
OCOOE 1167. 
1563 
1569 
1598 
1610 
2:1"92 
CITSO 
42381 
4422 
~2462 
25001 


BI<KERR 
3900 
:<9SlJI 
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lOC 
OOJ 
LINE 
:oW1CE 5TflTEI1ENT 


7243 
EN) 


USEk S\'l(dS 


?A 
Il994 
?flSRYE 99112 
?!l 
99112 
?B8I'NT ll99{) 
?BllI<2 
0093 
?BeI<J 
Il994 
?B9R4 
9995 
?E(lR5 
99116 


?!l8R6 
8897 
?!l8Rr 
9llOO 
?fjiPNT 
llll87 
?81R2 
8893 
?E1R3 
ll994 
'1Bl1\4 
8Il95 
?B1R5 
0006 
''Il1R6 
llll87 


?B1R7 
9llOO 
?IICOOE 99112 
?illIG' 
91122 
?B ITSO 99113 
?fjlHN 
98EJ2 
~JfllFlE 
ll883 
?(;Ifl1N 
B003 
~1I)t(SU il899 


?COOST 88lB 
?CW>I 
8891 
?DElli«: llll83 
?OTTI 
99112 
?()SpTl1 lI99ll 
?fIR1l 
r:tlIll2 
?OR.O 
r:tlIll2 
?EPOCC 8tIlI2 


?EN'CIl 
99112 
?EPPCl. 99112 
?£PPSW 99112 
?CPRlI 
00lk' 
?ErTHl 
llll82 
?flJ.'l11 
0016 
?f~ 
0018 
?fOOO 
lIlI1fl 


?f~ 
881C 
?f~ 
lI91E 
?Ii 
99112 
?Itl nH 
99112 
?IEITl 
00lI2 
?fl.IDJ 
8893 
"M:EGfl 8tIlI2 
?fft.GE 
99112 


?ll\'EGC lIlI92 
?If(EOO lllIll2 
?ff,'[G[ 
99112 
?fJ1EGF 99112 
?ITII' 
9009 
?f<BOOUlIOO2 
?f(l\' 
lIBll9 
~Jl(E\'Fl lIlIlI1 


"iI(P,tO 
8002 
'!lflSTl( 
99111 
'ilDflTA lI8Il9 
?lB«n 
9lIlIO 
?I£IIH 
8892 
~JI£IlI.O lIlIe2 
?I1IN>X illl75 
?11SIM: lIlIlI1 


?IUlS 
lIlIlI3 
?l£G1 
00113 
?l£XTP 
r:tlIll2 
?IflEPT 
99112 
?IU'1CO ll882 
?tl'TIO 
lIlI{j2 
'!OYBl.f llll83 
?OY'JIl 
lIlI9J 


?f'l.USl 
8893 
?f'l.US3 
8893 
?fd. 
lI8Il9 
~ 
r:tlIll2 
?Wl 
lIlIlIlI 
'tRIll 
8001 
?ROCLfl lIlIll2 
?Rl:.Cl\' 99112 


?REGC 
99112 
?ROTCN lIlIlI1 
?ROTPA lIlIlI1 
mAYE 
llll8lI 
?S[1]fl 
8893 
?SIZE 
lIOOE 
'!SI1AHI r:tlIll2 
?SI'R.O 
98lI2 


'.>$T~T 
830C 
?STRTI1 8Il92 
?TYP£ 
99112 
~' 
lIlI2R 
?Y[R5N 99112 
?XPCOO 9lIllll 
?2ERO 
8893 
fHTCH 
lI6n; 


ASRYE 
88JE 
RSCERR 81C9 
E 
8843 
BCOOE 8856 
EITSO 
lIlIlIE 
BRKOO 8240 
ElRKERRlI4A(, 
BRKf"Il 
822E 


BRKNX"f8234 
BlfCNT 
8841 
BlflEN 
9818 
BYTEI1 00f2 
B't'TEIN 00f1l 
E't'TE0 
8100 
em 
ll46B 
coot! 
847C 


CGmlT 
8476 
CGOSS 
848i! 
CGOTRAl;488 
COOoIl 
11476 
CHARC1o:8lIlIO 
CllARI N lI1CD 
CI~lJ 
00lIf1 
C~lllIlI8 


CImJ 
ll500 
CII(£RR lI2El 
CII(SlJ1 8Il95 
CI8 
8640 
CI1 
ll651 
Cl2 
ll659 
en 
8662 
CI4 
0665 


CIN 
8649 
(;1(510( 
lI2IJB 
Cl£fR 
85Fl 
Clm:rסס oo 
C/t) INT IlOOA 
Of1ft'.; 
85E2 
llt'REl 
W8 
CN1RlZ lIW1 
CNTTBI..84A1 
CNmA 
84AA 
C01 
lI5C5 
CO2 
lI5C£; 
cm 
85Cf 
COOlE.t lIlI86 
ClKIlR 
lI228 
CMIlll2£5 


~8461 
CU1SBR lI22C 
W1S1 Z lIlI93 
CTAB 
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DECSlfl 82F4 
DElA\' 
84F2 
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lI4F5 
OC~ 
8131 
DrIll 
8148 
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8149 
Dli'AT~ lIlI£.F 


DGR 
815D 
DINTRG 8169 
DlST 
814E 
DI'OO 
11146 
DIOJrd( 
81(;£; 
DONE. 
lI2E8 
DPA 
fll72 
I)f'RI)RK fll65 


0PI\'f£I'I 915F 
DREC 
8151 
DREl 
8154 
DRI1 
818 
()R\Ij 
flBE 
DS[) 
8157 
DSGIOl 
8137 
DSf1U 
ll6I)3 


D$PIH 
818E 
DSf'l0 
8194 
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lJl92 
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DSPTHl lllI28 
D5I'Tlf' 
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EN)fIl 
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~C 
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lIlI28 
Ef'CRI( 
834F 
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8441 
EPCOO 
841f 
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8415 


EPm 
8787 
EPPflSS 8700 
EPPCIII lIlI25 
Ef'f'ClO 
8924 
EF'PSW lIlI21 
EF'RlI 
8923 
EF11El 
87f4 
If'RET 
f!4C7 


EPRSET 8818 
EPRIJN 
8488 
EI'RlJll 
94BA 
EPI\Ul2 
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EmJl38495 
EPIDl4 
84B2 
Ef'RIM 
84Il3 
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94BA 


EPSSTP 8Il94 
EPSTEi 
87DF 
EPSTE2 8i'F 1 
EPSTEP 8700 
Ef'ST~ 
1l7C3 
EPTI P1R8922 
ERW\281B6 
EXAI18 ll25lI 
EXllli 
8278 
EXAI12 lI2t1 
[XfIO 
lI2t)p, 
EXfI14 
8293 
lXAI15 
827:) 
EXlflIN 
824F 
EXI'IOl 
lI88lI 
FDIJf'1 
8617 
FDl.If'2 
8C2B 
FDlJf'3 
lI636 
rDlJl'4 
8648 
FOOf'S 
8632 
F I N)(J' 
8842 
GOTLt 
8471 
H 
8845 
IIlO1 
8401 


1m2 
9405 
IflI)lfl'l 
84C9 
fllITHI 
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IIlITLO 
ll026 
fl>ATIN lI2b'9 
I£XASC 81E6 
I£XElf 
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I£XNIB 
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ll82E 
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II¥;W 
81F4 
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INProR 
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JII'TBI.. B:i86 
mHl 
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ll229 
JTOST 
82111 
JTlJU) 
828F 
mllEC 
8211 
JT(l\'[l 
8c."16 
KBOO..f 8l13B 
KElDI1 
ll6C6 
KBD1N 86C2 
KBDI'lI. IllAF 
KClRB eeec 
KEY 
88IB 
KEYClR 8817 
KE'r'OI1 
8816 
KE\'EN> lIll13 
KEYFIl 
881f1 
KlYFlG 
lIlIlI6 
KE.\'GO 
lI91E 
KE\tOC 
883C 
KE\tST 
881C 
Kl \'10) 
lIlI1F 
KEYNXl lIlI12 
KE\'PflT 8815 
KE\'PI1 
lIlI1A 
KE\'REt; 8818 


KE\'REG 881B 
KEYREl 8814 
KlYTRH 8819 
K~S 
881D 
KSETB 
lIlIOO 
lASTKY Il994 
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lIlIll2 
lOOYTE 8582 
lFEBR1 
lI6C1 
lFEIlRK lI6E)1 
lFEDI1 
8698 
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il6S4 
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IRI. 
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8:l6F 
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APPENDIX 
C 


COMMAND 
SUMMARY 


The 
following 
is 
a summary 
of 
the 
commands 
im- 
plemented 
by the HSE-49 emulator 
monitor. 
Within 
each 
command 
group, 
tokens 
in each 
column 
indicate 
op- 
tions 
the user has when invoking 
those 
commands. 


Tokens 
in square 
brackets 
indicate 
dedicated 
keys on 
the 
keyboard 
(some 
keys 
having 
shared 
functions); 
angle brackets 
enclose 
hex digit 
strings 
used to specify 
an address 
or 
data 
parameter. 
Parameters 
in 
paren- 
theses 
are optional, 
with 
the effects 
explained 
above. 
The notation 
used is as follows: 


<SMA> 
- 
Starting Memory Address for block command, 


<EMA> 
- 
Ending Memory Address for block command, 


<LOC> 
- 
LOCation for individual accesses, 
<DATA> 
- 
DATA byte. 


Asterisks n 
indicate 
the 
default 
condition 
for 
each 
command; 
thus 
that 
token 
is optional 
and 
serves 
to 
regularize 
the command 
syntax. 


Program/data 
entry and verification 
commands: 


[EXAMI 
IPROG MEM)" 
<LOC> 
[.J [NEXT] 
(DATA MEMJ 
[PREVJ 
(REGISTERJ 
[.J 
[HWRE 
REG] 
[PROG BRK] 
(DATA BRK] 


Program/data 
initialization 
commands: 


[FILLJ 
(PROG MEM)" 
<SMA> 
(,] <EMA> 
(.] <DATA> 
[.1 
(DATA MEM] 
(REGISTER] 
(HWRE REG] 
(PROG BRK] 
(DATA BRK] 


Intellec'" 
development 
system 
or 
TIY 
interface 
com- 
mands (for transferring 
HEX format 
files): 


[UPLOAD] 
(PROG MEM)" 
<SMA> 
(,] <EMA> 
(.J 
(DATA MEMJ 
(REGISTER] 
(HWRE REGJ 
IPROG BRKI 
[DATA BRKI 


IDNLOADI 
(PROG MEM)" 
[.J 
(DATA MEM] 
(REGISTER] 
(HWRE REG] 
IPROG BRKJ 
(DATA BRKJ 


Formatted 
data dump to TTY or CRT: 


[LIST] 
[PROG MEM)" 
<SMA> 
[,1 <EMA> 
[.J 
[DATA MEM] 
[REGISTER] 
[HWRE REG] 
(PROG BRKJ 
(DATA BRKI 


Program 
execution 
commands: 


(GOJ 
[NO BREAK)" 
«SMA» 
I.J 
(WI BREAKJ 
(.1 
(SING STP] 
(AUTO BRKJ 
(AUTO STP] 


(GOIRST] 
(NO BREAKJ" 
(.J 
(WI BREAK] 
(SING STP] 
(AUTO BRKJ 
(AUTO STPJ 


Breakpoint 
setting 
and clearing: 


[SET BRKI 
(PROG MEM)" 
<LOC> 
([.J <LOC> 
... ) (.] 
[DATA MEMJ 


ICLR BRK] 
(PROG MEM)" 
<LOC> 
([.J <LOC> 
... ) [.1 
(DATA MEM] 


APPENDIX 
D 


ERROR 
MESSAGES 


The 
following 
error 
message 
codes 
are 
used 
by the 
monitor 
software 
to report 
an operator 
or hardware 
er· 
ror. Errors 
may be cleared 
by pressing 
[CLR/PREVj 
or 
[END/.]. 
The 
format 
used 
for 
reporting 
errors 
is 
"Error- 
.n" where "n" 
is a hex digit. 


Operator 
Errors 


1. Illegal 
command 
initiator. 


2. IIlega( command. 
modifier 
or parameter 
digit. 


3. Illegal 
terminator 
for Examine 
command. 


4. Illegal 
attempt 
to clear Error mode. 


5-9. 
Not used. 


Hardware 
Errors 


A. ASCII 
error 
- 
non-hex 
digit 
encountered 
in data 
field 
of hex format 
record. 


B. Breakpoint 
error. Break logic activated 
though 
break- 
points 
not enabled. 


C. Hex 
format 
rec'ord 
checksum 
error. 
Note 
- 
the 
checksum 
will not be verified 
if the first 
character 
of 
the checksum 
field 
is a question 
mark ("?") rather 
than a hexidecimal 
digit. 
This allows 
object 
files 
to 
be patched 
using 
the 
ISIS text 
editor 
without 
the 
necessity 
of 
manually 
recomputing 
the 
checksum 
value. 


D. Not used. 


E. Execution 
processor 
failed to respond 
to a command 
or parameter 
passed 
to it by the master 
processor. 
EP automatically 
reset. 
EP internal 
status 
may 
be 
lost. 
Program 
memory 
not affected. 


F. Not used. 
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"uSiNG THE 8049 AS AN 80 COLUMN 
PRINTER CONTROLLER 


I. 
INTRODUCTION 


This 
Application 
Note 
details 
using 
INTEL's 
8049 
microcomputer 
as 
a dot 
matrix 
printer 
controller. 
Previous 
INTEL 
Application 
notes, 
(e.g. Ap·27 and 
AP-54) described 
using intelligent 
processors 
and peri- 
pherals 
to control 
single 
printer 
mechanisms. 
This 
Application 
note expands 
upon the theme established 
in these prior notes and extends 
the concept to include 
a complete 
bi-directional 
80 column 
printer 
using a 
single line buffer_ 
For convenience 
this application 
note is divided into six sections: 


1. INTRODUCTION 
2. PRINT MECHANISM 
DESCRIPTION 
3. INTERFACE 
CIRCUITRY 
4. SOFTWARE 
5. CONCLUSION 
6. APPENDIX 


Over the last few years 80 column output devices have 
become somewhat 
of a defacto 
output 
standard 
for 
business 
and some data 
processing 
applications. 
It 
should 
be mentioned 
that 
by no means 
is the 
80 
column format a "new" standard. 
80 column computer 
cards have been around 
for more than 20 years 
and 
perhaps the existence 
of these cards in the early days 
of computers is why the 80 column format is a standard 
today. 


Many CRT terminals 
use the 80 by N format 
and 
to complement 
this a number of printers 
use this same 
format. 
One reason, 
aside 
from 
those 
historic 
in 
nature, 
for the 80 column standard 
is that 80 columns 
of 12 pitch text 
on standard 
typewritten 
8.5 inch by 
11 inch paper completely 
fills up an entire 
line and al- 
low ample room for margins. 
So, the 80 column format 
is an aesthetically 
convenient 
format. 


Printers 
are usually divided into either impact or non- 
impact and a character 
or line oriented device. 
Impact 
printers 
actually 
use some type of "striker" 
to place 
ink on the 
paper. 
More often 
than 
not the 
ink is 
contained 
on a ribbon 
which is placed 
between 
the 
striker 
and the paper. 
-Non-impact printers 
use some 
means other than direct pressure 
to place the charac- 
ters on the paper. 
This type of printer 
is very fast be- 
cause there is very little mechanical motion associated 
with placing the characters 
on the paper. 
However, 
because 
the paper 
is required 
to be treated 
with a 
special substance, 
it is not as convenient 
as an impact 
printer. 


Character 
printers 
are capable of printing 
one charac- 
ter at a time. 
(Any standard 
home typewriter 
is in 
effect a character 
printer,) 
Line printers 
must print an 


entire 
line at a time. 
Line printers 
are usually quite 
a bit faster 
than character 
printers, 
but they usually 
don't offer the print quality of character 
printers. 


In recent years, the "computer 
boom" has caused the 
price of printers 
to tumble 
markedly. 
High volume 
production, 
competition, 
and the tremendous 
demand 
for reliable 
print mechanisms 
have all contributed 
to 
the decrease 
in price. 
Because of their simplicity, line 
printer 
mechanisms 
have 
decreased 
in price 
faster 
than other mechanisms. 
Therefore, 
when high quality 
print is not needed, a line printer 
is a very attractive 
choice. 


This application 
note describes 
how to control 
an 80 
column impact-line 
printer 
with an 8049/8039. 
The 
complete software 
listing is included in the appendix. 
The 8049 is the high-performance 
member of the MCS- 
48TMmicrocontroller 
family. 
The Processor 
has all of 
the features 
of the 8048 plus twice the amount 
of pm- 
gram 
and data 
memory 
and an 11MHz clock speed. 
For details about the 8049, please refer to the MCS-48 
user's manual. 


II. 
PRINT MECHANISM 
DESCRIPTION 


The 
model 
820 printer 
is available 
from 
C. ITOH 
ELECTRONICS 
(5301 BEETHOVEN 
STREET, 
LOS 
ANGELES, 
CA 90066). This inexpensive 
and simple 
printer 
is ideal for applications 
requiring 
80 columns 
of dot matrix alpha-numeric 
information. 


The model 820 printer 
is comprised 
of three 
basic 
sub-assemblies; 
the chassis 
or frame, 
the paper 
feed 
mechanism, 
and the print 
head. 
The diagram 
in Fig- 
ure 2.1 gives the physical dimensions 
of the basic print 
mechanism. 
The basic chassis 
for the printer 
is con- 
structed 
out of four sheet 
metal 
stampings. 
These 
stampings 
are screwed together 
to form a sturdy 
base 
on which 
all other 
components 
of the 
printer 
are 
mounted. 


The paper feed mechanism consists of a toothed wheel, 
a solenoid, a tension spril)g, and a "catcher." 
When the 
solenoid 
is activated, 
the 
arm 
of the 
solenoid 
pulls 
against 
the spring and drags over the toothed 
wheel. 


When the solenoid is released, 
its arm is pulled by the 
spring, 
but this time the arm grabs 
a tooth 
on the 
wheel and pulls the wheel forward which advances the 
paper. 
A "catcher," 
which is merely a piece of plastic 
held against 
the 
toothed 
wheel, 
is added 
to assure 
that the paper 
is advanced 
only one "tooth" 
position 
each time the solenoid is activated. 


The print head is comprised 
of seven solenoids which 
are mounted in a common housing. 
The solenoids are 
physically mounted 
in a circle, but their hammers 
are 
positioned 
linearly 
along 
the 
vertical 
axis. 
These 
seven vertically 
positioned 
hammers 
are the strikers 
that actually do the printing. 
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Figure 2.1 Physical Dimensions of C.ITOH Model 
820 Printer 
A motor, mounted 
toward 
the back of the print 
mech- 
anism, drives 
a rubber 
toothed 
belt which turns 
a rol- 
ler guide. 
A motor 
turns 
a guide 
that 
moves 
the 


print head from right 
to left and left to right. 
By prop- 


erly 
timing 
the 
current 
flow through 
the 
solenoids 


while the print 
head is moving 
across 
the paper, 
char- 


acters 
can be formed. 
Figure 
22 illustrates 
how the 


dot matrix 
printer 
"forms" 
its characters. 


The timing 
pulses 
for the 
print 
head 
mechanism 
are 
generated 
by an opto-electronic 
sensor. 
This sensor, 


located 
on the 
left side 
plate 
of the 
printer, 
informs 
the print controller 
when to apply curr'ent 
to the print 
head mechanism. 
This "on-board timing wheel" assures 


that 
all characters 
will be properly 
spaced 
and that 


they will all be "in-line" in a vertical 
sense. 


The 
print 
mechanism 
is also equipped 
with 
two ad- 


ditional 
sensors. 
These 
are 
the 
left 
home 
position 
sensor, 
located 
near 
the left front 
of the mechanism, 


and the right 
home position 
sensor. 
located 
near 
the 
right 
front 
of the 
print 
mechanism. 
These 
sensors 
simply 
tell the 
controller 
when 
the 
print 
head 
is in 
either 
the 
left or right 
home 
position. 
A complete 
timing chart for the printer 
is shown in Figure 
2.3. 


III. 
INTERFACE CIRCUITRY 


The 
manual 
supplied 
with 
the 
printer 
recommends 


some specific 
interface 
circuitry. 
For 
the 
most 
part 
the circuitry 
used 
in this 
Application 
Note 
followed 
these 
suggestions. 
The circuitry 
needed 
to drive 
the 
print 
head solenoid 
is shown in Figure 
3.1. This same 
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Figure 2.2 "Formation" of a Character by a Dot 


, Matrix Printer 
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Figure 2.3 Timing Diagram 01C. ITOH 
Model 820 Printer 
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Figure 3.1 Solenoid 
Drive Circuit 
(Eliminate 
R2 lor line 
Feed Solenoid) 
circuit is used to drive 
the line feed solenoid except 
that 
the. current 
limiting 
resistor 
R2 is eliminated. 
This resistor 
is not needed because the line feed solen- 
oid is physically 
much larger 
than the print head sol- 
enoids and can tolerate 
much higher levels of current. 


'The 
print 
head 
drivers 
are 
connected 
to an 8212 
latch. The latch is interfaced 
to the BUS PORT on the 
8049 and is enabled whenever 
the WR pin and the BIT 4 
of PORT 1 are coincidentally 
low. The line feed driver 
is connected to PORT 1 BIT 1 of the 8049. 


Note that the driver 
is simply a Darlington 
transistor 
that is driven by an open collector TTL gate. 
Resistor 
R2 is the current 
limiting resistor 
and diode D, capa- 
citor C. and resistor 
R3 are used to "dampen" 
the in- 
ductive 
spike 
that 
occurs 
when 
driving 
solenoid 
S. 


This circuit is repeated 
for each of the seven solenoids 
in the print 
head. 
It should 
be mentioned 
that, 
al- 
though 
the type 
of Darlington 
transistor 
needed 
to 
drive the print head is not critical, a collector current 
rating 
of at least 
5 amps 
and a breakdown 
voltage 
(Vceo) of at least 100 volts is needed. 
Transistors 
that 
do not meet these 
requirements 
will be damaged 
by 
the inductive kickback of the solenoids. 


As mentioned 
in Section 2. the printer 
provides 
some 
sensor interface signals that are derived via three opto- 
electronic 
sensors. 
These 
signals 
must 
be amplified 


and converted 
to TTL levels in order 
to interface 
to 


the controller. 
This conversion 
is accomplished 
with a 


simple voltage comparator. 
Figure 
3.2 is a schematic 


ofthe 
sensor interface 
circuitry. 
Note that hysterisis 


is employed 
on the voltage 
comparators. 
This elimi- 


nates "false" sensing. 


Figure 3.2 Example 01Sensor Circuit 


Motor control 
is accomplished 
by using a Monsanto 


MCS-6200 optically-coupled 
TRIAC. 
This part is ideal 
in this kind of application 
because it provides a simple 


means 
of controlling 
a line-operated 
motor 
without 


sacrificing 
the isolation 
needed 
for safe and reliable 


operation. 
Figure 3.3 is a schematic 
of the motor driv- 


ing circuit. 
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1'0 interface 
8049 to the outside 
world one 8212 latch 
was used. 
This latch was connected 
to the BUS PORT 
and is enabled 
by an INS or MOVX instruction 
coin- 
cident 
with 
BIT 4 of PORT 
1 being 
in a logical zero 
state. 
In this configuration, 
the 8212 was used to hold 
the 
data 
until 
read 
by the 
8049_ 
The 
connection 
of 
the 8212 to the 
8049 is shown 
in Figure 
3.4 and the 
parallel 
port 
timing 
diagram 
is shown 
in Figure 
3.5. 
The 
8212 parallel 
port 
was 
connected 
to the 
LINE 
PRINTER 
OUTPUT 
of an INTELLEC 
MICROCOM- 
PUTER 
DEVELOPMENT 
SYSTEM. 


C· 


DO,4 
080 


1012 
()(), 
08, 


9 Db 
00, 
08, 


INPUT 
D: 
00. ' 
0& 
LINES 
1 
DI!> 
00, , 
De. 
1 
016 
00. 
08, 


20 
011 
8212 
OOr14 
080 
804. 
22 
018 
00. 
1 
08. 


OS, 
AD 


OS, 
P,. 


INT 
TO 


Figure 3.4 Connection 
of the 8212 
Input Port to the 8049 
S1'-- 
_ 
-U 
~---------,~- 


I 
L--J 


----VARIABLETlME----1 


IV. SOFTWARE 


As mentioned 
in Section 
2, the 
bulk 
of the 
timing 
needed 
to control 
the printer 
is actually 
generated 
by 
the printer 
itself. 
Therefore. 
all the software 
must do 
is harness 
these 
timing 
signals 
and turn on and off the 
right solenoids 
at the right time. 


To make 
things 
easy. 
the 
software 
needed 
to drive 
the 
printer 
is broken 
into 
four 
separate 
routines. 


These are: 


1. INITIALIZATION 
ROUTINE 
2. INPUT 
ROUTINE 
3. OUTPUT 
ROUTINE 
4. LOOKUP 
ROUTINE 


The INITIALIZATION 
ROUTINE 
turns 
the motor on 


and checks 
the opto-electronic 
sensors. 
If a failure 
is 


found. the routine 
turns 
off the motor 
and loops on it- 


self. 
This insures 
that 
the print 
mechanism 
is cycled 
properly 
before 
characters 
are accepted 
for printing. 


This routine 
also initializes 
all of the variables 
used by 


the printer. 


The INPUT 
ROUTINE 
reads 
the characters 
that 
are 


present 
in the 8212 input port and writes 
them into the 


6049's buffer 
memory. 
The routine 
then 
checks 
the 


characters 
to see if a CARRIAGE 
RETURN 
(ASCII 
OCR) has been transmitted. 
If a CR is detected, 
the 


input 
routine 
automatically 
inserts 
a LINE 
FEED 
as 


the next character. 
When 
the input routine 
detects 
a 


LINE 
FEED, 
it stops 
reading 
characters 
and sets the 


direction 
bits and the print 
bit in the status 
register 
. 
This action evokes the OUTPUT 
ROUTINE. 
A detailed 
flowchart 
of the INPUT 
ROUTINE 
is shown in Figure 


4.1. 
• 


inter 


The OUTPUT 
ROUTINE 
initializes 
both the input and 
output 
buffer 
pointers 
and then 
reads 
the characters 
from the 
8049's 
buffer 
memory. 
After 
a character 
is read 
the 
OUTPUT 
ROUTINE 
calls the 
LOOKUP 
ROUTINE 
which reads 
the proper 
bit pattern 
to form 
that character. 
This bit pattern 
is then used to strobe 
the 
solenoids. 
After 
each 
character 
is printed, 
the 
OUTPUT 
ROUTINE 
calls the INPUT 
ROUTINE 
and 
another 
character 
is placed 
into the 
buffer 
memory. 
This type of operation 
guarantees 
that the input buffer 
cannot 
"overrun" 
the 
output 
buffer. 
A flowchart 
of the OUTPUT 
ROUTINE 
is shown in Figure 
4.2. 


Figure 4.2 Output Routine Flowchart 


IV·I. HANDLING THE 110 BUFFER 


Since 
the 
C. ITOH 
Model 
820 printer 
is capable 
of 
printing 
in both 
directions 
the 
80 character 
buffer 
must be manipulated 
in a manner 
as to allow maximum 
input-output 
efficiency. 
This is accomplished 
by rever- 


sing the "direction" 
of the 
buffer 
memory 
each time 
the printer 
is printing 
from right 
to left. 
For simpli- 
city, if it is assumed 
that 
the buffer 
is only five bytes 
long, Figure 
4.3 can be used to help explain 
the buffer 
operation. 


Initially 
the input buffer pointer 
is loaded with the ad- 
dress 
of the first 
location 
in the 
buffer 
memory. 
As 
characters 
are 
read, 
the 
input 
buffer 
pointer 
incre- 


ments 
and fills the buffer 
memory 
as shown in Figure 
4.3(b) through 
4.3(0. 
When 
a CARRIAGE 
RETURN- 


LINE 
FEED 
(CRLF) is encountered 
the input 
buffer 
pointer 
and the output 
buffer pointer 
are reset 
back to 
the first location. 
The OUTPUT 
ROUTINE 
then reads 
the character 
from the first location in the buffer mem- 


ory, increments 
the output 
buffer pointer 
and calls the 
INPUT 
ROUTINE, 
which 
reads 
another 
character 
from the parallel 
input port. 


The OUTPUT 
ROUTINE 
reads 
the entire 
buffer, 
in- 


serting 
space 
codes 
(20H) after 
a CR 
is detected, 
and the input buffer 
pointer 
follows the output 
buffer 
pointer 
as they "increment" 
up to the buffer 
memory. 


When 
the 
OUTPUT 
ROUTINE 
has printed 
the 
last 
character 
or space, the output 
buffer 
pointer 
and the 


input buffer pointer 
are set to point at the last location 
of the buffer 
memory. 
The OUTPUT 
ROUTINE 
then 
reads the character 
from the last location of the buffer 
memory 
and proceeds 
to "decrement" 
down the buffer 
memory. 
Space codes are inserted 
until a CR is found. 


Figure 
4.3(1) to 4.3(0). 


The 
input 
buffer 
pointer 
follows 
the 
output 
buffer 
pointer 
just 
as in the 
previous 
case. 
When 
the 
last, 


or in this case the first character 
is printed, 
the output 
buffer 
pointer 
and the input 
buffer 
pointer 
are set to 
point at the last location 
of the buffer 
memory. 
Now 
the 
pointers 
are 
"decrementing" 
down 
the 
buffer 
memory, 
but the printer 
is actually 
printing 
in a "nor- 


mal" left to right fashion. 


When the last character 
or space is printed. 
the output 


buffer and the input buffer 
pointer 
are set to the first 
location of the buffer memory 
and printing 
takes 
place 
in a reverse 
or right 
to left manner. 
After 
this 
line 
is printed, 
the print 
head and both buffer 
pointers 
are 
in the same 
position 
as they 
were 
initially. 
So, four 
lines must 
be printed 
before 
the 
buffer 
pointers 
and 
the 
print 
head 
complete 
a cycle. 
Each 
of these 
sit- 
uations 
is handled 
separately 
by four 
different 
sub- 


routines: 
CAS EO, CASEl, 
CASE2, and CASE3. 


IV·II. TIMING 


All critical timing 
for the printer 
controller 
came from 
two basic sources; 
the timing 
sensors 
on the 
printer 
and the internal 
eight-bit 
timer 
of the 8049. 


The 
internal 
timer 
of the 
8049 was 
used 
to control 
the 
length 
of time 
the 
solenoids 
were 
fired 
(600 
microseconds) 
and 
was 
also used 
as a "one-shot" 
to 


align the printer. 
This alignment 
is needed 
to make 


the 
"backward" 
printing 
line up vertically 
with 
the 


normal or forward 
printing. 
The "one-shot" 
is used to 
measure 
the 
time 
from 
the 
last 
column 
of the 
last 


character 
position until the right sensor 
flag is covered. 
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Figure 4.3 1/0 Buffer Handler 
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When the print head reverses 
direction 
and the right 
sensor 
flag is uncovered, 
the timer 
is then 
used to 
determine 
where 
to 
start 
printing 
in the 
reverse 
direction. 


The timer and the print wheel on the printer 
are used 
to determine 
when to place a character. 
The strobe 
from the print wheel informs the 8049 when to fire the 
solenoids 
and 
the 
timer 
allows 
the 
proper 
spacing 
between the characters. 


V. 
CONCLUSION 


Although 
the 
full speed 
of the 
8049 was 
not used 
in this application, 
the high speed of the 8049 makes it 
possible to "fine-tune" 
any critical timing parameters. 


Additionally, 
the extra 
available 
CPU time could be 
used to add an interrupt 
driven keyboard 
and display, 
such as the ones discussed 
in AP-40, to the printer. 


This would allow the printer 
to function as a complete 


"terminal". 


Very little attempt 
was made to optimize the software. 
but still the 
entire 
program 
fits easily 
in 1.25K of 
memory; 750 bytes for printer 
control and 500 bytes 
for character 
lookup. Adding lower case to the printer 
would require 
an additional 
500 bytes of lookup table. 
The remaining 
250 bytes should be used to add "user" 


features 
such as tabs, double width printing, etc. 


The high speed of the 8049 combined 
with its hard- 
ware and software 
architecture 
make it an ideal choice 
for controlling an 80 column, bi-directionalline 
printer. 


The I/O structure 
of the 8049 minimizes 
the amount 
of external 
hardware 
needed to control the printer 
and 
the large amount of on-board program 
and data mem- 
ory allow quite a sophisticated 
control program 
to be 
implemented. 
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1144 
9463 
183 
FDC 
I : 
CALL 
GTPRNT 
;CO 
PRIHT 
A 
CHARACTER 
1146 
'4U 
184 
CAlL 
INCTST 
: CHECK 
OUT 
BUFFER 
1141 
CUE 
18' 
J2 
MATCHD 
:UIT 
FOR 
THE 
EHD 
114A 
FI 
186 
NOY 
A,'OUTlUF 
; CET 
THE 
CNARACTER 
114B 
BIZI 
187 
HOY 
'OUTlUF, 
'ZIH 
:PUT 
A 
SPACE 
THERE 
1140 
3491 
III 
CALL 
FKPRHT 
:FIX 
THE 
CHARACTER 
UP 
114F 
AF 
189 
HOY 
JUHKI,A 
, SAYE 
IT 


II'B 
1444 
III 
JHP 
FOCI 
:LOOP 
III 
IIZ 
, 


113 
'CASE 
I, 
PRINTING 
LEFT 
TO 
RaHT, 
LOADIHG 
BUFFER 
FROH 
114 
:FIRST 
TO 
HAX 


II' 
11'2 
FI 
116 
CASEI: 
Noy 
A, tDUTlUF 
: GE T 
THE 
CHARACTER 


11'3 
34'1 
117 
CALL 
FKPRHT 
;ADJUST 
FOR 
PRINTINC 


11'5 
AF 
lIB 
NOY 
JUNKI,A 
:SAYE 
ACC 
8156 
BIZB 
I" 
Noy 
,oUTlUF,12IH 
;PUT 
A 
SPACE 
IN 
THE 
BUFFER 


II'B 
FZ62 
IZI 
JB7 
CRFOHD 
:FoUNO 
A 
CR? 
1B5A 
9463 
IZI 
CAlL 
CTPRHT 
;Go 
PRINT 
THE 
CHARACTER 


II'C 
'4U 
12Z 
CALL 
INCTST 
: CHECK 
THE 
BUFF 
E R 
II'E 
C675 
IZ3 
J2 
MATCH 
: IS 
T NE 
LAST 
CHARACTER 
BEING 
PRINTED? 
B161 
145Z 
IZ4 
JHP 
CASE 
I 
:LOOP 
8162 
BIZI 
IZ' 
CRFONO: 
Hoy 
'OUTBUF,IZIH 
;PUT 
A 
SPACE 
IN 
THE 
BUFFER 
HEHORf 


1164 
BFZI 
126 
NOY 
JUNK1,IZBN 
:PUT 
A 
SPACE 
IN 
TENP 
LOCAl 
10H 


II" 
'463 
IZ7 
CALL 
CTPRNT 
J GO 
PRINT 
THE 
SPACE 
B168 
'4'E 
IZB 
CAlL 
INCTST 
: CHECK 
THE 
BUFF 
E R 
IIU 
C675 
129 
J2 
MATCH 
;LAST 
CHARACTER 
PRINTED? 
8I6C 
FI 
131 
Hoy 
A,'OUT8UF 
; CE T 
THE 
NEXT 
CHARACTER 
IBiD 
3491 
131 
CALL 
F XPRNT 
;AOJUST 
IT 
116F 
B462 
13Z 
JHP 
CRFOND 
:LOOP 
133 
HJECT 


inter 


•• 75 
27 
•• 16 
62 
•• 77 
55 
•• 
78 
34 •• 
•• 
7A 
., 
•• 78 
FHA 
•• 70 i5 
•• 
7£ 
FO 
•• 7F 
5285 
•• 
81 
94 OF 
•• 83 
53FO 
•• 85 
53Ft 
•• 
87 
AD 
1 •• 
8 
FA 
•• " 
1271 
•••• 
141A 


1 •• 0 
FI 
•• 8E 
3491 
•• " 
8121 
1192 
F29E 
•• 94 
9472 
•• " 
C6AE 
•• " 
8F 21 
119A 
9463 
•• 9C 
1480 
•• 9E 
8F 21 
"AI 
9463 
IIAZ 
9472 
•• A4 
C6AE 
"A6 
FI 
•• A7 
3491 
IIA9 
AF 
IIU 
BIZI 
•• AC 
B4AB 


134 
135 
136 
137 
OOlF: 
138 
139 
148 
141 
14Z 
143 
UTCH: 
144 
145 
146 
147 
lOoPW' 
148 
149 
151 
151 
15Z 
153 
154 
oVRI: 


155 
156 
157 
158 
159 
161 
161 
162 
163 
164 
165 
CASE2: 


166 
167 
168 
169 
178 
171 
172 
173 
174 
FDCR: 


175 
FOCRI' 


176 
177 
178 
179 
188 
181 
IBZ 
183 
SEJECT 


CLR 
HOY 
ST RT 
CALL 
IH 
JB7 
STOP 
Hoy 
JB2 
CALL 
AHL 
AHl 
HOY 
HOY 
J85 
J MP 


A 
T, 
A 
T 
LDBUF 
A,PI 
LOOPW 
T CHT 
A, STATUS 
OVRI 
MOTOF 
A.IIFDH 
A,11F8H 
STATUS,A 
A,SAYPHT 
DOlF 
PRHT 


;ZERO 
ACC 
;ZERO 
TlHER 
;START 
THE 
TUER 
;Go 
READ 
THE 
LAST 
CHARACTER 
;EKAHIH 
PORT 
OHE 
;CHECK 
RIGHT 
HAHO 
SEHSOR 
;ST OP 
THE 
T1 HER 


;GET 
THE 
STATUS 
;JUHP 
IF 
COHTIHUE 
IS 
SET 


;TURH 
HOTOR 
OFF 


;RESET 
BIT 
OHE 


;RESET 
CONTINUE 
BIT 


;RESTORE 
STATUS 


,GET 
THE 
SAYED 
STATUS 
;00 
A 
LIHE 
FEED 
IF 
BIT 
IS 
SET 
;GO 
BACK 
TO 
PRIHT 
RoUTIHE 


Hoy 
CALL 
HOY 
JB7 
CALL 
JZ 
MOY 
CALL 
JHP 
HOY 
CAll 
CALL 
JZ 
HOY 
CAlL 
HOY 
HOY 
JMP 


A·IDUTBUF 
FKPRMT 
.OUTBUF.IZIH 
FoCR 
HCTST 
WATCHO 
JUNKI.12BH 
GTPRHT 
CASEl 
JUHKLIZBH 
GTPRHT 
HCTST 
WATCHO 
A,IDUTBUF 
FXPRHT 
J UHK L A 
'OUTBUF.IZBH 
FoCRI 


'GET 
THE 
CHARACTER 


;ADJUST 
FOR 
PRIHTIHG 
;PUT 
A 
SPACE 
IN 
BUFFER 
RAH 


;FIHO 
A 
CR 
YET 
;CHECK 
THE 
BUFFER 
;IF 
ZERO 
WAIT 
FOR 
SEHSOR 
FLAG 


;PUT 
SPACE 
IN 
TEMP 
LOCATIOH 


;Go 
PRIHT 
SPACE 


;LOOP 
;GET 
A 
SPACE 


;GO 
PRIHT 
THE 
CHARACTER 


;CHECK 
THE 
BUFFER 


;LEAVE 
IF 
OOHE 


;GET 
A 
CHARACTER 


;AoJUST 
THE 
CHARACTER 
FOR 
PRINTING 


;SAVE 
IT 
;PUT 
A 
SPACE 
WHERE 
THE 
CHARACTER 
WAS 
;lOoP 


inter 


1111 
., 
1111 
121C 


1113 
1217 


1115 
8'11 
1117 
'21F 
III' 
FE 
IliA 
4381 
lIlt 
AE 
1110 
23FF 
IIIF 
721A 


1I1I 
H78 
1113 
B' 
1114 
721A 
BI16 
'21A 
1118 
2413 


IlIA 
2411 


IIIF 
FD 
1121 
52H 
1122 
'2H 
1124 
724A 
BI26 
'406 
BI28 
3461 


112A 
AI 
BI28 
FD 
112t 
F2H 
112E 
18 
112F 
2371 
1131 
08 
BI32 
"H 
1134 
F8 
1135 
17 
11 36 
A8 
1137 
24H 
113' 
F8 
113A 
17 
II J8 
A8 
113C 
231F 
113E 
08 
BI3F 
"H 
BI4I 
18 
BI42 
24H 
BI44 
FD 
BI45 
124' 
BIH 
'258 
IIH 
83 


BI4A 
'406 
BI4C 
238A 
IIH 
2428 


BI51 
FD 
1151 
325' 
BI53 
4312 
1155 
1341 
1157 
AD 
1158 
83 
115' 
5261 
1158 
4314 
1150 
1341 
115F 
AD 
1161 
83 


LD8UF: 
IN 
J85 
J81 
ORL 
ARNO: 
J84 
"OV 
OU 
"OV 
"DV 
HOFF: 
J83 
CALL 
8UTlOP: 
IN 
,183 
,184 
J"P 
NOLF: 
J"P 


A. PI 
LN"OOE 
ARND 
PI.IIIH 
HOFF 
A.lIHCHT 
A.I8BH 
LIHCHT 
A 
A.IIFFH 
HOLF 
LIHEFD 
A. PI 
NOLF 
HOLF 
8 U TL OP 
LD8UF 


;READ 
PORT 
1 


;81T 
5 
• 
H = 
LINE 
"OOE 


;JU"P 
AROUHO 
IF 
"OTOR 
IS 
OH 


;TURH 
THE 
"OTOR 
OFF 


;HO 
FOR" 
FEED 


;GET 
THE 
LIHE 
COUHTER 


;SET 
"S8 


;RESTORE 
THE 
LIHE 
COUHTER 


;SET 
ACC 


'JU"P 
IF 
HO 
LIHE 
FEED 


;GO 
DO 
A 
LF 
OR 
FF 


;READ 
THE 
PORT 


;WAIT 
FOR 
SWITCH 
TO 
8E 
RELEASED 
;WAIT 
FOR 
SWITCH 
TO 
8E 
RELEASEO 


;L OOP 
;LOOP 


CHAR: 
"OV 
J82 
J 84 
J83 
CALL 
GOOO: 
CALL 
"OV 
"0'/ 
J87 
INC 
"OV 
XU 
JN2 
"OV 
OEe 
"OV 
J"P 
SU81: 
"OV 
VEC 
"OV 
"OV 
XU 
JN2 
INC 
,I "P 
GETSTA: 
"OV 
J81 
,184 
ARNOJP' 
RET 


A. STATUS 
ARNOJP 
ARHDJP 
LFCRCk 
CTCU 
FXCNAR 
PIH8UF.A 
A.STATUS 
SUBI 
IHBUF 
A.t"AX+1 
A.IHBUF 
ARHDJP 
A,INBUF 


A 
IHBUF.A 
ARNoJP 
A.IH8UF 


A 
IHBUF. 
A 
A.IFIRST-I 
A.INBUF 
ARHoJP 
IH BUF 
ARHDJP 
A·STATUS 
APHDJP 
ST81TI 


;GET 
THE 
STATUS 


'IF 
COHTIHUE 
IS 
SET, 
oOH'T 
LOAD 
;IF 
LF 
IS 
SET. 
DOH'T 
LOAD 


;WAS 
CR 
SET. 
SEE 
IF 
NEXT 
CHAR 
IS 
LF 
;GO 
READ 
A 
CHARACTER 
:"AlE 
SURE 
IT 
IS 
OK 
;SAVE 
CHARACTER 
IH 
8UFFER 
"E"ORY 


;GET 
THE 
STATUS 


;IF 
81T 
7 
IS 
SET 
DECRE"ENT 
8UFFER 


;UPOATE 
IHBUF 


:GET 
TOP 


:ARE 
WE 
AT 
THE 
TOP? 
:IF 
HOT 
GET 
THE 
STATUS 


:GET 
IN8UF 


:CHANGE 
8V 
OHE 


:PUT 
IT 
8ACK 


.:GET THE 
saTUS 


;GET 
IHBUF 


;CHAHGE 
BY 
ONE 


;PUT 
IHBUF 
BACK 


;GET 
THE 
BOTTO" 
OF 
THE 
BUFFER 


;TEST 
THE 
8UFFER 


:IF 
HOT 
2ERO 
READ 
THE 
STATUS 


;"OVE 
INBUF 
8ACK 


:GO 
HT 
STATUS 
'GET 
THE 
STATUS 


:IF 
BIT 
8 
SET. 
8YPASS 
:IF 
LF 
IS 
FOUHD. 
SET 
THE 
STATUS 


; EX IT 


LFCRCK: 
CALL 
"OV 
J"P 


GTCAR 
A .IIAH 
COOD 


;READ 
A 
CHARACTER 


;GET 
A 
LIHE 
FEED 


;,IU"P 8ACk 


STSITI: 
"OV 
J81 
ORL 
ADO 
"OV 
RE T 
STPANT: 
J82 
OU 
ADD 
"OV 
BYE8YE: 
RET 


A.STATUS 
STHHT 
A.1I2H 
A .I4IH 
STATUS.A 


8YEBVE 
A.1I4H 
A.I4IH 
STATUS. 
A 


:LOAD 
TNE 
STATUS 


;IF 
STILL 
PRINTING. 
LEAVE 


;SET 
PRIHT 
81T 


;UPDATE 
POSITIOH 
COUHTER 
;PUT 
STATUS 
BACK 


;EXIT 
ROUTIHE 


;CHECK 
CONTIHUE 
BIT 


;SET 
COHTIHUE 
81T 


;UPOATE 
PRIHT 
DIRECTIOH 


;PUT 
THE 
STATUS 
8ACk 


;EXIT 


inter 
AP·91 


lot 
OBJ 
SH 
SOU~[E 
~;lHif"fNi 


zn 
'THIS 
ROUTINE 
·COHVERTS· 
lOWER 
CASE 
lET TERS 
TO 
ZH 
'UPPER 
CASE 
381 
1161 
'7 
311 
FXCHAR': 
ClR 
C 
CLEAR 
THE 
CARRV 
1HZ 
537F 
312 
AHl 
A.I7FN 
STRIP 
NSB 
1164 
AF 
313 
NOY 
JUNkLA 
SAYE 
ACC 
1165 
13AI 
314 
ADO 
A.IIA8N 
SEE 
IF 
NU N 8E R 
IS 
UN 
1167 
£671 
315 
JNC 
FINE 
IF 
CAUV 
ISN' T 
SET, 
JUNP 
II" 
FF 
386 
NDY 
A. JUNKl 
CE T 
ACC 
BACk 
116A 
37 
317 
CPl 
A 
SU8TRACT 
21H 
FRON 
THE 
ACC 
Bl68 
1328 
388 
ADO 
A,HIH 
1160 
37 
3., 
CPl 
A 
IIH 
2474 
318 
JNP 
FIXDUH 
:JUNP 
TO 
TE ST 
CR 
IF 
1178 
37 
311 
FIHE: 
CPl 
A 
'HOW 
SU8TRACT 
AlH 
FRON 
ACC 
1171 
13AI 
312 
ADO 
A.IIABH 
1173 
37 
313 
CPl 
A 
Bl74 
AF 
314 
FIXDUH: 
NOY 
JUHkLA 
'SAYE 
A 
1175 
0310 
315 
XH 
A,IIOH 
:IS 
CHARACTER 
A 
CR 
1177 
"7F 
316 
JNZ 
lFTEST 
'JF 
IT 
IS 
HOT 
TEST 
IF 
1179 
FD 
317 
NOY 
A, STATUS 
,CE T 
THE 
STATUS 
117A 
4388 
318 
on 
A,lIaH 
,SE T 
81 T 
3 
117C 
AD 
31' 
NOY 
STATUS,A 
;RESTORE 
THE 
STATUS 
Bl7D 
241F 
321 
JNP 
F IXF J H 
'lEAVE 
117F 
FF 
321 
IF TEST: 
NDY 
A.JUHk! 
:CET 
CHARACTER 
BACK 
1188 
03eA 
322 
XH 
A.IIAH 
, IS 
IT 
A 
IF 
8182 
C'" 
323 
JZ 
FIXUP 
, IF 
ITS 
HO T. 
WE 
ARE 
OOHE 
1184 
FF 
32. 
NOY 
A,JUNk! 
.'CE T 
THE 
CHARACTER 
BACK 
1185 
D38C 
325 
XH 
A.IICH 
, IS 
IT 
A 
F ORN 
FEED 
1187 
"8F 
32i 
JNZ 
F IXF IH 
, IF 
HOT 
FORN 
FE ED, 
JUNP 
118' 
FD 
327 
FIXUP: 
NOY 
A,STATUS 
,CET 
THE 
STATUS 
llBA 
4311 
3Z8 
OH 
A,118H 
,SE T 
81T 
4 
IIBC 
AD 
329 
NOY 
STATULA 
;RETURH 
THE 
STATUS 
IIBD 
3451 
331 
CAll 
STBI T! 
,SE T 
THE 
STATUS 
IIBF 
FF 
331 
FI HI 
N: 
NOY 
A 
,tUNk! 
;CE T 
THE 
CHARACTER 
lOC 
OIJ 
SEe 
SOURCE 
STATENENT 


1198 
83 
332 
RE T 
:EXIT 
FIXCHAR 
333 
334 
;THIS 
ROUTIHE 
RECOCHIZES 
A 
IF, 
FF, 
AHo 
CR 
335 
,DURIHC 
THE 
PRIHT 
OPERATIOH 
336 
;IT 
alSO 
FORCES 
A 
SPACE 
IF " 
CHARACTER 
FOUHD 
337 
;IN 
THE 
BUFFER 
IS 
HOT 
IH 
THE 
lOOKUP 
T A91 E 
338 
II" 
AF 
339 
FKPRNT' 
NOY 
JU Hk L A 
; S~ YE 
AC C 
1192 
O38C 
341 
XH 
A,IICH 
:FORN 
FEED 
11,. 
C682 
341 
JZ 
FFF IX 
;CO 
SET 
FORN 
FEED 


BI " 
FF 
342 
Noy 
A,JUHk! 
:RESTORE 
CHARACTER 
11'7 
0310 
343 
XH 
A.IIOH 
:SEE 
IF 
IT 
IS 
A 
CR 
Bl99 
C6A8 
344 
JZ 
CHI 
X 
:lEAVE 
IF 
IT 
IS 
819B 
FF 
345 
Noy 
A,JUHk! 
,CE T 
ACC 
BACK 
II'C 
o31A 
3ei 
XH 
A.IIAH 
:SEE 
IF 
IT 
IS 
A 
IF 
I19E 
C6AB 
347 
JZ 
lFFIX 
:lEAVE 
IF 
J T 
IS 
IIAI 
FF 
348 
NOV 
A,JUNk! 
:CET 
CHARACTEA 
8ACk 
BlAI 
53E8 
34' 
ANl 
A.IIEBH 
;SEE 
IF 
IT 
IS 
A 
CHARACTER 
I1A3 
"BD 
351 
JNZ 
ISCHAR 
; IF 
IT 
IS 
JUNP 
I1A5 
23Z1 
351 
NOV 
A.I28H 
.:PU T 
A 
SPACE 
IH 
AC C 
llA7 
83 
352 
RET 
;EX IT 
llA8 
4381 
353 
CRF IX: 
OH 
A 
IBIH 
,SE T 
BIT 
7 
llAA 
83 
354 
RE T 
:EXIT 
llAB 
FD 
355 
lFFIX: 
NOV 
A,STATUS 
:CE T 
THE 
STATUS 
llAC 
4321 
356 
OH 
A,I28H 
;SET 
IF 
BIT 
IH 
STATUS 
llAE 
AD 
357 
NOY 
STATUS,A 
;PUT 
THE 
STATUS 
BACk 
I1AF 
2321 
358 
NOY 
A.128H 
'CET 
A 
SPACE 
81 BI 
83 
35' 
RET 
;EK IT 
I11Z 
Fo 
361 
FF F IX: 
NOY 
A" STATUS 
'CET 
THE 
STATUS 
I1B3 
4321 
361 
OH 
A 
128H 
;SE T 
lIHE 
F Ho 
81T 
IIB5 
AD 
362 
MY 
STATUS. 
A 
:PU T 
THE 
STATUS 
BACk 
8IB6 
FE 
363 
NOY 
A,lIHCHT 
;CET 
THE 
1I HE 
COUHT 
lIB? 
4381 
364 
ORl 
A.I8IH 
,SE T 
BIT 
7 
lIB' 
AE 
365 
NOV 
1I HCHT. A 
:PUT 
lIHE 
C OUHT 
BACK 


818A 
Z321 
366 
NOY 
A.IZIH 
:CET 
A 
SPACE 
IIBC 
83 
367 
RET 
;EX IT 
8180 
FF 
368 
ISCHAR: 
NOY 
A 
JUHK! 
:CET 
CHARACTER 
BACK 
IIBE 
533F 
3" 
AHl 
A.13FH 
: 3T RIP 
THE 
TWO 
NSB 
Iltl 
83 
371 
RE T 
:E>:IT 


inter 
Ap·91 


L{It 
09,1 
SH 
SOUR[.E 
STHTE"EMT 


371 
372 
;THI S 
ROllTIHE 
PRIHIS 
THE 
CHUACTER 
IH 
THE 
ACC 
373 
II CI 
AC 
374 
PRHTIT' 
"OY 
TE"PI·A 
SAn 
CHAUCTER 
81C2 
E7 
375 
RL 
A 
"ULTIPL\' 
8Y 
TWO 
81C3 
E7 
37' 
RL 
A 
"ULTIPLY 
8Y 
FOUR 
81 C4 
6C 
377 
ADO 
A, TEHPI 
A[)[l 
OHCE 
TO 
"liLTIPLY 
8Y 
5 
378 
379 
;HOU 
SEE 
U HAT 
PART 
OF 
THE 
LOOI:UP 
IA 8L E 
TO 
USE 
388 
81C5 
2C 
381 
XCH 
A, TEHPI 
;PU T 
CHARACTER 
IH 
A, 
TAR~ET 
IH 
TEHP I 
81C6 
82CA 
382 
,IB5 
SHORT 
,,IU"P 
TO 
HI CH 
A(IORESS 
IF 
BIT 
5 
SET 
BICB 
HAS 
383 
J"P 
PACEI 
'CO 
TO 
FIRST 
PART 
OF 
LOOKUP 
TABLE 
BICA 
64 AS 
384 
SHORT' 
J"P 
PACE2 
'CO 
10 
SHOHD 
PA CE 
OF 
LOOKUP 
TABLE 
3B5 
386 
;THI S 
ROUTIHE 
TRIC~ERS 
THE 
SOLEHOIDS 
FOR 
6BS 
"ICROSECOHOS 
387 
'HTER 
UAITIH~ 
FOR 
THE 
TRI~GER 
SHHAL 
FRO" 
IHE 
PRIHTER 
3BB 
:- 
SICC 
AF 
38' 
Fl RE: 
HOY 
J UHK L A 
;SAYE 
IHE 
A CC 
SICD 
FO 
3'B 
HOY 
A,STATUS 
:CE T 
THE 
STAIUS 
BICE 
0204 
HI 
JS6 
H T I 
;SE E 
IF 
FORUARD 
OR 
BACKWARDS 
810S 
560S 
H2 
FIRH' 
JT1 
FIREX 
,UA II 
FOR 
T 1 
8102 
2406 
H3 
,I"P 
FIREY 
,LEAYE 
8104 
4604 
3'4 
HII , 
,IHT I 
H T I 
;LOOP 
8106 
FF 
3'5 
F I REY' 
"OY 
A, ,IUHK I 
.:CE T 
ACC 
BACK 
8107 
n 
3" 
"OYK 
~RB,A 
;TRICCER 
IHE 
SOLEHOIO 
H7 
H8 
;HOU 
KILL 
'SS 
"ICROSECOHOS 
3" 
SlOB 
23F3 
488 
HOY 
A,I8F3H 
LOAD 
DELAY 
HU"BER 
810A 
62 
4 S I 
"OY 
I, A 
PUT 
IT 
IH 
TIHER 
SlOB 
55 
482 
STRT 
T 
START 
IHE 
TIHE R 
SIOC 
16EI 
483 
TSJTF' 
JTF 
KT DUN 
LOOP 
OH 
TJ"E R 
FLAC 
IIOE 
HOC 
484 
J"P 
ISJTF 
SIEI 
27 
485 
nOUH' 
CLR 
A 
ZE RO 
ACC 
SIEI 
'S 
4S6 
HOYX 
~R8 ..A 
TURH 
OFF 
SOLEHOIOS 
81E2 
65 
487 
STOP 
ICNT 
SlOP 
THE 
TI"ER 
81E3 
B3 
488 
RE T 
EX IT 
FIRE 
ROUTINE 
48' 
tEJECT 


inter 
Ap·91 


LDC 
OBJ 
SE D 
SOURCE 
STATE"ENT 


418 
411 
;....~.~..~....~.*..~....*.* •• ~•••• * •••••••••••••••••••••••••••• 
412 
413 
.:THI S 
IS 
THE 
LOOKUP 
TABLE 
THE 
"5B 
IS 
HOT 
US E0, 
THE 
"S B - 
1 
414 
;IS 
THE 
OOT 
TNAT 
IS 
THE 
TOP 
OF 
AHV 
GIVEN 
CHARACTER 
AND 
TNE 
41~ 
.:LSB 
IS 
TNE 
[.0T 
THAT 
IS 
THE 
BOTTON 
OF 
ANV 
GIVEN 
CHARACTER 
41' 
417 
; .•...........................................................•. 


418 
8211 
419 
ORC 
288H 
421 
.:. 
8211 
3E 
421 
TABLEI: 
DB 
JEH 
1281 
41 
422 
DB 
41H 
8282 
50 
423 
DB 
SOH 
....· 
8283 
5' 
424 
DB 
S'H 
· 
8284 
4E 
425 
DB 
UH 
426 
8215 
7C 
427 
08 
7CH 
UBi 
12 
428 
08 
12M 
8287 
II 
42' 
['8 
11 H 
8288 
12 
438 
DB 
12H 
828' 
7C 
431 
DB 
7tH 
432 
82BA 
7F 
433 
08 
7FH 
I2IB ., 
434 
08 
49H 
828C 
4' 
43~ 
DB 
4'H 
1210 ., 
436 
DB 
4'H 
I2IE 
36 
437 
DB 
36H 
438 
821F 
3E 
43' 
DB 
JEH 
1218 
41 
441 
DB 
41 H 
· 
1211 
41 
441 
DB 
41 H 
· 
8212 
41 
442 
DB 
4 IH 
· 
8213 
22 
443 
08 
22H 
. 
444 
8214 
7F 
445 
DB 
7FH 
......" 
1215 
41 
446 
08 
41H 
8216 
41 
447 
08 
41 H 
8217 
41 
448 
08 
41H 
1218 
3E 
44' 
08 
3EH 
458 
82., 
7F 
451 
OB 
7FH 
....... 
121A ., 
452 
08 
BH 
8218 ., 
453 
DB 
4'H 
821C ., 
454 
08 
4~H 
1210 
41 
455 
DB 
41H 
456 
tEJECT 


inter 
AP·91 


LDC 
D8J 
SEQ 
SOURCE 
STOTEMEWT 


457 
821E 
7F 
458 
08 
7FW 
82lF ., 
45' 
08 
8'W 
8228 ., 
H8 
08 
8'H 
8221 ., 
HI 
08 
8'W 
8222 
B1 
H2 
08 
8 IW 
H3 
8223 
3E 
H4 
DB 
HW 
8224 
41 
H5 
DB 
4 IW 
8225 
41 
H' 
DB 
4 IW 
822' 
51 
H7 
DB 
5 IW 
8227 
71 
H8 
DB 
7IW 
H' 
822B 
7F 
478 
DB 
7FW 
822' 
B8 
471 
DB 
88W 
822A 
B8 
472 
08 
B8W 
822B 
B8 
473 
08 
88W 
822C 
7F 
474 
DB 
Hw 
475 
822D 
B8 
47' 
DB 
88W 
822E 
41 
477 
DB 
41W 
822F 
7F 
478 
DB 
7FW 
8238 
41 
47' 
DB 
41W 
8231 
18 
4B8 
DB 
88W 
481 
8232 
28 
4B2 
08 
28W 
8233 
48 
483 
08 
48W 
8234 
48 
484 
08 
48W 
8235 
48 
485 
08 
48H 
B236 
3F 
486 
08 
JFW 
...... 
487 
8237 
7F 
488 
08 
7FW 
823B 
B8 
48' 
DB 
B8H 
82H 
14 
498 
08 
J4H 
823A 
22 
4'1 
DB 
22M 
823B 
41 
4'2 
DB 
41H 
493 
823C 
7F 
494 
08 
7FH 
823D 
48 
.'5 
DB 
48H 
823E 
48 
4" 
DB 
'8H 
823F 
48 
4'7 
DB 
48H 
8248 
48 
498 
DB 
4BH 
4" 
8241 
7F 
588 
DB 
7FW 
8242 
82 
581 
08 
82H 
8243 
8t 
582 
D8 
8CH 
8244 
82 
583 
08 
B2H 
8245 
7F 
584 
DB 
7FH 
585 
8246 
7F 
586 
DB 
7FW 
1247 
84 
587 
DB 
84W 
8248 
B8 
588 
DB 
8BW 
. 
824' 
18 
58' 
DB 
18H 
. 
824A 
7F 
518 
DB 
7FW 
511 
HJECT 


inter 
Ap·91 


LOC 
08J 
SEQ 
SOURCE 
STATE"EHT 


512 
8248 
3E 
513 
D8 
JEH 
..... 
824C 
41 
514 
DB 
4 IH 
· · 
824D 
41 
515 
DB 
4 I H 
· 
824E 
41 
516 
DB 
41 H 
· · 
824f 
3E 
517 
DB 
3EH 
...... 
51B 
82$1 
7F 
51' 
DB 
7FH 
.:eo ••••• 


12'1 ., 
528 
DB 
8,H 
8252 ., 
521 
DB 
8'H 
· 
8253 
8' 
522 
DB 
8'H 
. · 
82'4 
8' 
523 
DB 
86H 
.. 
524 
12" 
3E 
52' 
DB 
3EH 
..... 


82'6 
41 
526 
DB 
4tH 
8257 
51 
527 
08 
51H 
82'B 
21 
528 
DB 
21H 
. 


82" 
5E 
52' 
D8 
5EH 
·.... 
538 
82'A 
7F 
531 
DB 
?FH 
....... 


82'B ., 
532 
DB 
8~H 
82'C 
U 
533 
DB 
HH 
825D 
2~ 
534 
DB 
2~H 
.. · 
825E 
46 
535 
[IB 
46H 
.. 
536 
825f 
2' 
537 
DB 
26H 
•• 
8268 
H 
53B 
DB 
4~H 
8261 
H 
539 
DB 
49H 
8262 .., 
548 
[IB 
49H 
8263 
32 
541 
DB 
32H 
5.2 
8264 
81 
543 
DB 
81H 


8265 
81 
544 
DB 
8tH 
8266 
7f 
545 
DB 
? F H 
8267 
81 
546 
DB 
8tH 
8268 
81 
54? 
DB 
8tH 
54B 
82" 
3f 
549 
DB 
3FH 
826A 
41 
S58 
DB 
48H 
8268 
48 
551 
DB 
4BH 
826C 
48 
5'2 
DB 
48H 
826D 
3f 
553 
DB 
3FH 
....... 
554 
826E 
IF 
555 
DB 
t F H 
826F 
28 
556 
DB 
28H 
8278 
48 
557 
DB 
UH 
8271 
28 
558 
DB 
28H 
8272 
If 
55' 
DB 
tF H 
56B 
8273 
7F 
561 
DB 
FH 
8274 
28 
562 
DB 
8H 
8275 
IB 
563 
DB 
8H 
8276 
28 
564 
DB 
BH 
8277 
7F 
565 
[IB 
FH 
566 
tEJECT 


lOC 
08J 
S£g 
SOURCE 
ST~T£"ENT 


567 
8218 
i3 
568 
08 
63H 
121' 
14 
5" 
08 
14H 
·· 
121a 
18 
571 
08 
18H 
· 
8278 
14 
511 
08 
14H 
·· 
127C 
63 
572 
08 
63H 
.. .. 
573 
1270 
IJ 
574 
08 
83H 
127£ 
14 
575 
08 
84H 
· 
821F 
78 
57' 
08 
78H 
.... 
1288 
14 
571 
08 
14H 
1281 
IJ 
578 
08 
83N 
57' 
1282 
61 
581 
08 
6tH 
1283 
51 
581 
08 
51H 
1284 ., 
582 
08 
4'H 
· 
1285 
45 
583 
08 
45H 
·. 
8286 
4J 
584 
08 
43N 
585 
8217 
1F 
586 
08 
7FH 
....... 
1218 
7F 
517 
08 
7FH 
....... 
128' 
41 
588 
08 
41H 
. 
82tA 
41 
5., 
08 
41H 
8288 
41 
5,. 
08 
41H 
5'1 
121C 
12 
592 
08 
82H 
8280 
84 
5'3 
08 
84H 
· 
128£ 
88 
5,. 
08 
88H 
· 
828F 
18 
5'5 
08 
18H 
· 
82'8 
21 
5" 
08 
28H 
5'7 
82!1 
41 
5'8 
08 
41H 
1292 
41 
5" 
08 
41H 
82!3 
41 
688 
08 
41H 
82!4 
7F 
681 
08 
7FN 
12'5 
7F 
682 
08 
7FN 
683 
82'6 
II 
684 
08 
18H 
82'7 
88 
685 
08 
88H 
82'8 
84 
686 
08 
84H 
12" 
88 
687 
08 
BaH 
12,a 
II 
681 
DB 
IBH 
68' 
8298 
41 
618 
DB 
UN 
82!C 
41 
6 II 
08 
UH 
82'0 
41 
612 
08 
UN 
129£ 
41 
613 
08 
UN 
12!F 
41 
614 
01 
UH 
615 
fEJECT 


616 
lal 
8111 
617 
PACE I : 
"OY 
ST8CHT, 
•• 
IH 
.: ZE RO 
STROBE 
COUHTER 
12~2 
FA 
618 
"OY 
A .. sAYPHT 
;CET 
oIRECTIOH 
8a3 
37 
619 
CPL 
A 
.: FLi 
P 
8ITs 
12~4 
0283 
628 
J86 
8AKWRo 
:IF 
BACKWARD 
J UNP. OUT 
82A6 
Fe 
621 
LKLO: 
"OY 
A,TE"PI 
:CET 
THE 
TARGET 


82~7 
A3 
622 
"OYP 
A 
BA 
.: CE T 
THE 
DATA 
82~8 
HCC 
623 
CALL 
FIRE 
.: sIROBE 
THE 
SOLEHOIOS 
8aA 
I C 
624 
IHC 
TE"P 
1 
; IHCRENEHT 
THE 
POIHTER 
12AI 
18 
625 
!NC 
sTBCHT 
; IHCRENEHT 
THE 
STROBE 
COUHTE R 
12AC 
FB 
626 
"OY 
A .. sTBCHT 
:CET 
THE 
STROBE 
COUHTER 
82AD 
0315 
627 
XU 
A,185H 
.: IS 
IT 
FlY 
E 
12AF 
96A6 
628 
,IN2 
LUo 
: REPEAT 
IF 
NOT 
F lYE 
1281 
84 AE 
629 
J"P 
sETTIN 
;CO 
1 ACK 
8283 
FC 
638 
BRk WRO: 
"OY 
A, TE"PI 
; CE T 
THE 
TARGET 


1284 
8384 
631 
ADO 
A.184H 
; CO"PEHsATE 
FOR 
GOIHG 
BACKWARDS 
8286 
AC 
632 
"OY 
TE"Pl, 
A 
: sAYE 
IT 
8287 
FC 
633 
LKL 01 : 
MY 
A,TE"Pl 
: CE T 
THE 
TARGET 
128B 
A3 
634 
"OYP 
A,BA 
: CE T 
THE 
DATA 
828' 
HCC 
635 
CALL 
F J RE 
;sTRoBE 
THE 
SOLENOIDS 
8281 
Fe 
636 
"OY 
A·TE"Pl 
; CE T 
TEHPI 
128C 
87 
637 
DEt 
A 
.: OEtREAsE 
BY 
OHE 
8280 
AC 
6JB 
HOY 
TEHPLA 
:PUT 
IT 
BACK 
12BE 
18 
639 
IHC 
S nCHT 
: IHCREHEHT 
TNE 
STROBE 
COUHTER 
128F 
F8 
648 
HOY 
A.sTBCHT 
.:CE T 
THE 
S TR08E 
COUHTER 
12CI 
0315 
641 
XRL 
A,185H 
: IS 
IT 
FlY 
E 
12C2 
9687 
642 
JN2 
LUOl 
;REPEAT 
IF 
HOT 
F lYE 
82C4 
84AE 
643 
JHP 
SETTIH 
; CO 
8 ACK, 
CHARACTER 
IS 
OOHE 
644 
tEJECT 


inter 
Ap·91 


lOC 
OBJ 
SED 
SOURCE 
STATE"EHT 


645 
;. 
8311 
6H 
ORe 
3BBH 
647 
;. 
648 
B311 
II 
64' 
DB 
BBH 
8381 
BB 
658 
DB 
B8H 
8382 
BB 
651 
DB 
88H 
8383 
BB 
652 
DB 
BBH 
8384 
II 
653 
DB 
88H 
654 
8385 
BB 
655 
DB 
BBH 
8386 
BB 
656 
DB 
88H 
8387 
5F 
657 
DB 
5FH 
8388 
BB 
658 
DB 
88H 
838' 
B8 
,~, 
DB 
88H 
• 


668 
838A 
BB 
661 
DB 
88H 
8388 
87 
662 
DB 
87H 
131r 
88 
663 
DB 
BBH 
1380 
17 
664 
DB 
B7H 
831E 
BB 
665 
DB 
8BH 
666 
138F 
14 
667 
DB 
14H 
1318 
?F 
668 
DB 
? r H 
1311 
14 
66' 
['B 
14H 
1312 
7F 
678 
DB 
7FH 
........ 
1313 
14 
671 
08 
14H 
672 
1314 
24 
673 
DB 
24H 
. 
1315 
2A 
674 
DB 
2AH 
• ·. 
1316 
7F 
675 
DB 
7FH 
......... 
1317 
2A 
676 
DB 
2AH 
·· 
1318 
12 
677 
DB 
1<H 
· 
678 
131' 
23 
67' 
DB 
<3H 
· .. 
131A 
13 
688 
DB 
13H 
· .. 
131B 
88 
681 
[18 
88H 
· 
131C 
64 
682 
['8 
64" 
.. . 
1310 
62 
683 
08 
62H 
.. 
6B4 
131E 
36 
685 
08 
36H 
.. 
131F 
4' 
686 
08 
HH 
· 
1328 
56 
687 
DB 
56H 
·· 
1321 
28 
688 
DB 
28H 
· 
8322 
58 
68' 
DB 
58H 
·· 
"I fEJECT 


inter 
AP·91 


lDr 
D8,1 
HQ 
~DU~[E 
SlH"E"EIH 


6 ~ I 
1323 
II 
6'2 
[18 
88H 
1324 
HI 
B3 
08 
88H 
1325 
17 
694 
[18 
87H 
1326 
HI 
695 
08 
88H 
1327 
BB 
6% 
118 
88" 
'~7 
B328 
1t 
693 
1'8 
1e H 
1329 
22 
69' 
[18 
22H 
132A 
41 
7BB 
118 
41 H 
1328 
B8 
7Bl 
1>8 
8BH 
132t 
BI 
782 
[18 
B8H 
7B3 
IJ2D 
BI 
7B4 
118 
18H 
132£ 
BI 
7B5 
08 
88H 
132F 
41 
716 
118 
41 H 
B331 
22 
717 
08 
22H 
1331 
It 
713 
1.8 
1 C H 
7B' 
8332 
22 
718 
1'8 
~2H 
8333 
14 
711 
[18 
14H 
1334 
7F 
712 
08 
7 F H 
8335 
14 
713 
08 
14H 
8336 
22 
7 J4 
08 
22H 
715 
1337 
BB 
71b 
08 
83H 
1338 
B8 
717 
08 
88H 
133' 
7F 
718 
08 
{' F H 
833A 
B8 
71' 
08 
88H 
B338 
B8 
728 
118 
88H 
721 
133C 
BB 
722 
118 
88H 
B330 
41 
723 
118 
4BH 
B33E 
3B 
724 
08 
38H 
133F 
BB 
725 
118 
88H 
BHB 
HI 
72b 
08 
88H 
7 •.• 
,? 


B341 
B8 
728 
08 
88H 
1342 
B8 
72' 
08 
88H 
IH3 
B8 
730 
08 
88H 
B344 
8P 
731 
118 
88H 
1345 
B8 
732 
08 
88H 
733 
1346 
HI 
734 
08 
88H 
8347 
BB 
735 
01 
88H 
1348 
41 
736 
['8 
4BH 
8349 
8B 
737 
[18 
8BH 
134A 
BB 
738 
08 
88" 
73' 
B348 
21 
74B 
08 
28H 
B34e 
18 
74: 
118 
1B H 
B340 
B8 
742 
118 
88H 
BHE 
B4 
74J 
08 
8~H 
B34F 
B2 
74 •• 
08 
82H 
745 
B358 
3E 
746 
118 
JEH 
B351 
51 
747 
['8 
5 IH 
8352 
49 
748 
08 
4'3H 
8353 
45 
74' 
08 
4SH 
B354 
3E 
750 
08 
JEH 
75 I 
1355 
BB 
7~2 
['8 
8BH 
1356 
H 
753 
1>8 
42H 
1357 
7F 
754 
1.8 
7FH 
B351 
4B 
755 
08 
4BH 
1359 
BB 
75' 
08 
88H 
7~7 
135A 
62 
758 
08 
62H 
1358 
5J 
759 
08 
51H 
135C 
49 
768 
08 
49H 
1350 
49 
761 
08 
49H 
135E 
46 
7'2 
[18 
46H 
763 
135F 
2J 
764 
08 
21H 
B361 
41 
7'5 
lIB 
41 H 


lOC 
08,1 
$£ " 
SOUHE 
SlHi~"'Etn 


8361 
H 
7H 
['8 
4~H 
836. 
.[> 
76~ 
D8 
4 (I H 
.:.. 


8363 
33 
768 
[.S 
33H 
76' 
8364 
18 
778 
['8 
18H 
83.5 
14 
(' 71 
OS 
14 H 
83.6 
12 
772 
['S 
12H 
8367 
7F 
773 
[.S 
7FH 
8368 
18 
774 
OS 
18H 
77~ 
836' 
27 
77_ 
OS 
27H 
.... 


836~ 
4~ 
777 
[·S 
45H 
.. 


8368 
.5 
778 
OS 
45H 
836C 
.5 
77' 
08 
45H 
8360 
H 
788 
['8 
3?JH 
•• 


781 
836E 
3C 
782 
OS 
3CH 
836F 
4A 
783 
[.S 
4~H 
8378 ., 
784 
OS 
4'H 
8371 
4' 
785 
[·S 
OH 
8372 
31 
78_ 
DS 
31H 
787 
8373 
81 
783 
['8 
8 J H 
8374 
71 
78' 
[·S 
71 H 
8375 
8' 
7'8 
OS 
8'H 
8376 
85 
7'1 
OS 
85H 
8377 
83 
7~2 
[.S 
83H 
7'3 
8378 
36 
7'4 
08 
3bH 
837' ., 
7'!15 
[.S 
4'H 
837A 
4~ 
7~b 
[.S 
4'H 
8378 
4' 
7'7 
['8 
4'H 
837C 
3_ 
798 
D8 
36H 
7'~$EJECT 


811 
137D 
46 
981 
D8 
HH 
137E ., 
882 
08 
4~H 
· 
837F 
H 
8B3 
D8 
"~H 
· 
8388 
2' 
81~ 
08 
C!~H 
· 
1381 
IE 
885 
D8 
1 E H 
..". 
81' 
1382 
81 
887 
D8 
IIH 
1383 
81 
818 
D8 
88H 
1384 
14 
81' 
1.8 
14 H 
1385 
81 
811 
D8 
8BH 
1386 
81 
811 
08 
BBH 
812 
1387 
81 
813 
DB 
BBH 
1388 
41 
814 
08 
48H 
138' 
34 
815 
D8 
34H 
138A 
81 
81' 
08 
BBH 
1318 
BB 
817 
D8 
BBH 
818 
138C 
BB 
81' 
D8 
88H 
138D 
14 
821 
08 
14H 
138E 
22 
821 
1.8 
nH 
131F 
41 
922 
08 
41 H 
IHB 
n 
823 
118 
8BH 
82~ 
IHI 
14 
825 
D8 
14H 
·· 
IH2 
14 
82' 
1>8 
I~H 
·· 
BB3 
J4 
827 
1'8 
14 H 
1394 
14 
828 
['8 
14H 
13'!o 
14 
82' 
[.8 
14H 
831 
IB6 
n 
83 J 
['8 
BBH 
IH7 
~I 
832 
1>8 
• IH 
1398 
22 
833 
08 
22H 
. 


13" 
14 
8H 
08 
I' H 
·· 
IJ9A 
18 
835 
['8 
B8H 
83' 
IB8 
12 
837 
D8 
82H 
IHC 
II 
838 
D8 
B1H 
839D 
59 
8H 
D8 
5~H 
139E 
15 
848 
08 
B5H 
IJ9F 
12 
841 
08 
82H 
8~2 
HJE(:T 


inter 
AP·91 


LOC 
08J 
HQ 
:,OllHE 
STI<TEHNT 


83AB 
BB8B 
B43 
PAcn: 
"OV 
STB(NI, 
U8N 
.: ZE RO 
STROBE 
COUNTER 
83A~ 
FA 
844 
"0'; 
A, 
SA '" F' H T 
.: tE T 
DIRECTION 
83A3 
37 
845 
CPl 
A 
; FL I P 
BITS 
83A4 
[l28~ 
8H 
Jh 
E! r. WRtt 
'IF 
8ACkWARD 
JU"P 
OUT 
83A6 
FC 
847 
UN 
I: 
"OV 
A·TE"PI 
CE T 
T NE 
TA RCE T 
83A7 
836B 
843 
~[J(, 
A.· H8N 
ADH'ST 
TNE 
TARC. ET 
83A9 
il3 
849 
"O';P 
A,(OA 
CE T 
T NE 
DATI< 
83AA 
HCC 
858 
CHl 
FIRE 
STP.OBE 
TN E 
SOLENOIDS 
83AC 
I C • 
B5I 
INC 
TE"PI 
INCRE"ENT 
TNE 
POINTER 
83AD 
IB 
852 
INC 
STBlNT 
INCRE"ENT 
TNE 
STR08E 
COUNTER 
83AE 
F8 
853 
"OY 
A.STacHT 
CE T 
T NE 
STR08E 
COUN TER 
83AF 
(1385 
854 
XU 
A 
'85H 
IS 
IT 
F J¥ E 
83BI 
96 ••6 
855 
•.1HZ 
U:NI 
REPEAT 
IF 
NOT 
F lYE 
83B3 
S4AE 
B56 
J"P 
SETT I" 
GO 8ACK 
8385 
FC 
857 
Bk WRO : 
"0 '; 
A,TEMPI 
GET 
THE 
TARGET 
• 


8386 
8364 
853 
A(I(t 
A,164H 
CO"P ENSATE 
FOR 
COINC 
8ACkWARDS 
8388 
AC 
859 
"OY 
TE"PI.A 
SAYE 
IT 
838' 
FC 
868 
UH 
I I: 
"OY 
A, TE"PI 
GET 
THE 
TARGET 
83BA 
A3 
86 I 
"OVP 
A .. (OR 
GE T 
THE 
DATA 
8388 
HCC 
8'2 
CALL 
FIRE 
STROBE 
TNE 
SOLENOIDS 
83BO 
FC 
B63 
"OY 
A 
TE"P 
I 
GE T 
TEMPI 
83BE 
87 
864 
DEe 
A 
['EeREASE 
BY 
ONE 
83BF 
AC 
865 
"OY 
TE"P 
L 
A 
PUT 
IT 
BALk 
83C8 
J 8 
B66 
INC 
STBLNT 
INCRE"ENT 
THE 
STROBE 
COUNTER 
83CI 
F8 
867 
"OY 
A, ST8[:.NT 
GET 
THE 
STRD8E 
COUNTER 
83C2 
D385 
B68 
XU 
A .. 185N 
1 S 
IT 
FlY 
E 
83C4 
968' 
869 
•.1HZ 
L k H1 I 
REPEAT 
IF 
NOT 
F lYE 
83C6 
B4AE 
878 
J"P 
SETTI" 
GO BACL 
CHARACTER 
1 S 
DOHE 
871 
SLiE£:T 


inter 
Ap·91 


lDC 
DIJ 
SEQ 
SDUP.tE 
SHTEftENT 


872 
•••• 
173 
DRG 
488N 
17. 
•••• 
27 
875 
lelN: 
ClR 
A 
:ZERO 
Ar C 


.411 ,. 
876 
"Dn 
fRl ..A 
:TURN 
OFF 
IHE 
SOLEHOloS 


14B2 
,.18 
877 
CALL 
SETUf 
,SE T 
LIP TNE 
PRI HlER 
••I. 
,. 3F 
878 
CALL 
VARSET 
.: SE T 
UP 
THE 
SOf IWARE 
14B6 
141A 
87' 
"IMP 
P R HT 
:CO 
STA~T 


888 
.418 
23FE 
881 
SE T UP: 
"OY 
A.·ISFEH 
:LOAO 
AIr 
WIT H 
YALUE 
TO 
IURN 
ON 
"OTOR 
••u l' 
882 
OUll 
PI, A 
:TURN 
ON 
"OTOR 
883 
884 
;NOW 
[JELAY 
3 
2 
SECDN['S 
WHILE 
CHECkllle 
~ IGN T 
SENSOR 
885 
8418 
8C85 
886 
"DY 
IE"PI- 
IISH 
:LOAD 
l'EL AY 
VAll'E 
ONE 
.4.D 
8FFF 
887 
SEl FC : 
"(lY 
,IUHkl,lIfFN 
; LOA{) 
tIEU~'( VALUE 
TWO 
I.IF 
8EFF 
888 
SElF8: 
,tOY 
lIHCHI 
t8FFH 
:LOAo 
(l E I.. A~' 
YAlll 
E 
THREE 
•• 11 
I' 
88' 
SELFA: 
IN 
A, PI 
;REAb 
PORI 
ONE 
1412 
37 
8'1 
CPL 
A 
'"Al:E 
THINes 
R Ie HT 


.413 
F210 
8'1 
J8l 
oOHER 
:1S 
81 T 
7 
SET' 
.415 
EE 11 
8'2 
OJHZ 
lIHCHI.SELFA 
;SHAll 
LOOP 
.417 
EF IF 
8'3 
oJHZ 
,I UNK 
1 
SElF8 
.:8IGCER 
LOOf 
.41' 
ECID 
8,. 
DJHZ 
TEMPI. 
SELFC 
:8IGCEST 
lOOP 
1411 
84 SA 
8'5 
.IMP 
E~RDR 
'SO"ETHI 
NC 
IS 
W~OHG 
8% 
8'7 
'NOW 
"AH 
SURE 
TNE 
PICHT 
SEH~OR 
IS 
ClEOPEO 
8'8 
.41D 
IFFF 
8" 
ODHER: 
"OY 
JUHkl 
'OfFH 
:$£1 
UP 
OEl AY 


.41F 
IEH 
,.1 
SE L F : 
"0'/ 
II HLH I 
.OFFH 
:SOHE 
"ORE 
{IEUol'f 


1421 
I' 
~Il 
SElF I: 
IN 
A 
PI 
:eE T 
THE 
FLOC 
IHFOR"ATION 
1422 
F22A 
!f82 
J87 
DOHEF 
:IS 
FlAC 
CLEAIH{," 


1424 
EE21 
983 
OJHZ 
II HCH I 
SELFI 
:1F 
HOT 
LOOP 
1426 
EF IF 
,.. 
[lJHZ 
,IUHKJ. SELF 
:LoOP 
SOME 
HORE 
8428 
345A 
'85 
.IMP 
E~ROR 
:LE).lYE 
IF 
FlAe 
IS 
HOT 
UNIO'/EREI' 


'16 
'87 
;HOW 
CHEe>: 
THE 
LEFT 
SEIlSOP 
1N 
THE 
SAHE 
HAHHEP 
AS 
THE 
'88 
;R Ie H T 
SENSOR 
OCEPT 
bEtA'" 
(I Ht 'i • 
5 
SECOH['S 


~I' 
142A 
8C84 
'18 
DOHEF: 
"OY 
TE"f 1 IS4H 
:l (l~[) 
(IEUtV 
I 


142C 
IFFF 
'11 
SElFCC: 
"0'/ 
.1 U HI( 
1 
•8FF H 
: l O~() 
[IE l H~' 


142E 
8EFF 
'12 
SElFB8 
: 
"(IV 
II HI HT 
t8FFH 
: l (tA[) 
[I E L 101 ~ 


B431 
I' 
'13 
SElFAA: 
IN 
•..PI 
: RE A(I 
THE 
FO~T 


801 
37 
, 14 
CH 
A 
CHMHCE 
TH 1t~e S 
l-I R [t U I~ [1 


8432 
D23C 
'15 
,186 
oOHEl 
:O~ 
IF 
81 I 
;, 
1S 
H 
ZERO 
14H 
EE 31 
'16 
OJH, 
1 1HCH T 
SElFAH 
;S"HLL 
lOOP 
806 
EF2E 
~17 
OJH, 
,I U H~ 1 
SElF8B 
;BleCER 
LOOf 
1438 
Ecn 
'18 
DJHZ 
TE MP 1 SElFI r 
:BICGEST 
lOOP 
14JA 
B45A 
'1' 
,I"P 
ERROR 
SCHHTHIH(, 
1S 
W~ONG 
10C 
8'11 
'28 
['OHEl : 
OU 
f' ! .• B 1 H 
.TURN 
1'1(1HI P 
(IFF 


B43E 
B3 
'21 
RE T 
:GO 
8 ••C~ 
'22 
'23 
;HOW 
SET 
UP 
THE 
VH~IABlES 


';!4 
143F 
23FE 
'25 YARSET: 
HOY 
A 
IlFEH 
. lO)ool(1 
THE 
T 1H E~ 
84~1 
62 
,~, 
"OV 
I 
H 
144. 
55 
~27 
ST P.i 
T 
:ST)ooI~T 
TNE 
T IHE ~ 


84~3 
BB28 
,~s 
"OY 
IHBUF 
tFIP.5-T 
. l (l ~I(l 
1 Nfll 
T 
8UF FER 
1445 
BEBB 
'~9 
"0'" 
lItHtn 
IB8H 
$E 
T 
1 IHE 
COUNT 


144~ 
BOl8 
'31 
HOY 
STATU, 
'OSH 
3E T 
FQRWAR[t 
B I' 
'31 
'32 
;HOW 
CLEoR 
THE 
RAH 
H RE A 
BY 
W~ 1TI~C 
SPAI E 
LOOES 


'33 
144' 
8'28 
'34 
"OY 
OUT8UF,IFIRST 
: lOU[1 
OUTBLIF 


14H 
2328 
n5 
CLR"EH: 
"OY 
A ..H8H 
:PUT 
SfOCE 
(0 (IE 
IH 
A!l 


844(1 
Al 
'36 
"0'/ 
i'O liT 8 U F , ~ 
:PUT 
SPACE 
(;0 [IE 
IN 
DAHl 
HEHOR'I 


144E 
I' 
n7 
INC 
OUT8Uf 
: UP!IA 
T E 
THE 
POII~TER 
144F 
F' 
n3 
"OY 
A.OUT811F 
:Mon 
THE 
FOIHTEP 
Jln~ 
Arr 


1458 
0378 
'H 
XU 
A '"AX""' 
:SEE 
IF 
[>(1HE 
8452 
%48 
HI 
,INZ 
ClRHEH 
..U>OP 
IF 
HOT 
ClEAREI' 


HI 
,.2 
;HOW 
ClEAR 
THE 
B< 12 


,.3 
1454 
"EF 
,.. 
ANL 
PI.IIEFH 
;SE T 
EHABlE 
81 I 
845~ 
88 
,.5 
"Dn 
A. ~IH8UF 
'ClEAR 
THE 
821~ 
1HPU I 
aUf FER 
1457 
8'18 
,.6 
OU 
PI ..' 18 H 
;RESEi 
EHABLE 
81 T 
'~7 


1-200 


inter 
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LOC 
OB,I 
SEQ 
SOURCE 
SHl,EHHT 


948 
;NOW 
EX IT 
VARHT 
,., 


145' 
83 
'51 
RET 
' LEAVE 
INITIALlZAlloN 


'51 
'52 
; I N IS 
~OUI 
JHE 
IUftNS 
TNE 
HoIo~ 
OFF 
AND 
LOOPS 


'53 
145A 
8HF 
'54 
EftROR, 
on 
PI,IIFFN 
'TURH 
OF F 
HoIO~ 


145C 
845[: 
'55 
DEAD' 
~l"P 
DEAD 
;LoOP 
BECAUSE 
SoHEIHING 
IS 
WRONG 


956 


'57 
; T NE 5 E 
ARE 
All 
SUUoUTlHES 
TNAT 
ARE 
CALLED 


'58 
145E 
1 , 
'5' 
IHersT' 
INC 
oUTBUF 
;UPOATE 
THE 
POIHTER 


145F 
2378 
HI 
HoV 
A 
UA~·' 
'GET 
I NE 
VALUE 
F Oft 
THE 
LAST 
CNARACTER 


IHI 
0' 
HI 
xn 
A.OUT8UF 
'00 
IHE 
TE ST 


1HZ 
83 
!J'Z 
RET 
'HIT 
IH3 
I' 
H3 
GIPRHT, 
IN 
A· PI 
'~EAO 
PORI 
OHE 
1464 
37 
H4 
CPL 
A 
'FLI 
P 
BI IS 
IH5 
0263 
H5 
JB6 
CIPftNI 
, LOOP 
UH T JL 
SEHsOft 
IS 
UNCo'/nED 


IH7 
1668 
H6 
TSTJTF' 
JTF· 
P I I 
; SEE 
IF 
T I HER 
FLAG 
IS 
SEI 


14" 
8467 
"7 
\1"' 
TS!.ITF 
: TE SI 
FLAC 
IHB 
65 
H8 
P I I : 
SlOP 
reHI 
:SIOP 
THE 
IIH~ 
146C 
FF 
H' 
HO'I 
A . ,I UNll 
, GET 
TNE 
CHA~ACTE~ 
1460 
34Cl 
~?B 
CALL 
PRHIII 
;PftIHT 
THE 
CHAftACTER 
IHF 
HIC 
'7 
J 
CALL 
LNHO['E 
; GET 
AHOTHE~ 
CHARACIER 
1471 
33 
'72 
RET 
, E>: I I 
8472 
F' 
973 
['EC 
T S T' 
HoV 
A.OUT8UF 
.' GE T 
OUT8UF 
1473 
17 
!fl. 
OEC 
A 
,RE[>UCE 
8'" 
oHE 
.474 
A' 
'75 
HoV 
oUHUF 
.. A 
'PUT 
8 ACY, 
I H 
Ol' I BU F 
8475 
031F 
,:', 
XP.L 
A.HIRST-I 
.' SE E 
IF 
II 
J S 
ALL 
IHE 
WA'I 
OoWH 
84 7:' 
33 
~77 
RET 
' E X I I 
H8 


'7' 
;IHIs 
ROUTIHE 
(lDES 
LI HE 
FEED 


'81 
8478 
FE 
'8 
I 
L1HEFO' 
HOV 
A.L1NCHT 
, GE T 
THE 
LI 
HE 
COUHT 
84 7~ 
F 2'8 
!'l((~ 
,187' 
{Ill F F 
, IF 
BIT 
~ IS 
SE T > 
00 
A 
FORHFEEO 
147B 
HFO 
'83 
l F (10: 
ANL 
PI 
·IBFOH 
'TURN 
ON 
THE 
SOLEHOII> 
.47D 
8C41> 
'84 
HO'I 
TE HP 1· 
14[>H 
: L OA[I 
OHE 
I>ELAY 


047F 
8Fn 
'85 
L F L PI' 
HOV 
,I U H': 
1 . ,l)='H 
'LOAD 
HHOTHEP. 
DELAY 


8481 
H81 
9Be 
LFLP2' 
OJHZ 
,I U Hr. 1 
LFLP2 
'LOOP 
.483 EC7F 
!'IS? 
OJHZ 
TEHP 
I 
l Fl P I 
~LOOP 
SOJ1E 
HO RE 
0485 
8'02 
'88 
on 
PI,182" 
,TUftH 
OFF 
LF 
sOLEHOIO 
8487 
IE 
!'lsq 
INC 
L I HCN I 
'UPOATE 
THE 
LI 
HE 
COUHTER 
8488 
FE 
"8 
HOV 
A 
LItH 
HT 
'GET 
THE 
LI 
HE 
COUHT 


048' 
[132i:i 
9~q 
XP.L 
A 
123H 
, IS 
PAGE 
OOHE 
8488 
'68F 
!f9~ 
,1HZ 
HOTOoH 
: S~: IF' 
OVEft 


1480 
8E II 
"3 
HOV 
LiH(.MT 
118H 
:ZEP.O 
LI HE 
COUHIER 
!,~h' 


"5 
;HOW 
[IE L j.t y 
~I 
"ILL] 
SECOHOS 
". 
148F 
IC88 
,,:' 
HOI[>OH' 
HOV 
TEHPI.138H 
;LOAD 
OELAY 
VALUES 


04'1 
BFFF 
"8 
LOPI' 
Ho'l 
.'UHK!. 
tBFFH 
84'3 
H 
'3 
", 
LOP 2': 
0.1 HZ 
,IUH.:l·l0f'2 
.' GEHERATE 
(I EL A~' 


e4'S 
EC 91 
IB88 
[IJH2 
TEHP1· 
LOPI 
.4'7 
83 
liB 
I 
RET 
'LIHE 
FEED 
IS 
OOHE 
1882 
1883 
'THIS 
R Ol' T J HE 
{lOES 
A 
FORH 
FEE[> 


lB14 


14'8 
8' 
18B~ 
(10 F F : 
I H 
• 
PI 
, GE T 
THS 
SIATUS 
8"'~ 3? 
lB8. 
CPL 
A 
. FLI 
P 
ACC 
8BA 
53C8 
I Bl7 
AHL 
A 
IIC8 
•• 
, LUlYE 
OHLY 
TWO 
HSB'S 
8BC 
C6'8 
IBIS 
.>Z 
(l 0 fF 
, IF • 
FLAC 
I SN" 
T 
COVERED 
.. 
LOOP 


84'E 
S981 
lBB, 
on 
P: 
181 
H 
'TURN 
THE 
HOIO~ 
OFF 
8408 
, ••78 
18 I B 
CALL 
L r [10 
'GO 
1>0 
(tHE 
LI HE 
FEED 
84A2 
FE 
I B I J 
FF n:, 
HO'./ 
A 
L1HCHT 
, GE T 
THE 
LI 
HE 
COUNT 
8403 
53 :'F 
1B 1 .! 
HHL 
H 
.7FH 
: S T R 1 P 
BIT 
sEnN 
8405 
0388 
1813 
XH 
H,taSH 
: IS 
1 T 
OOHE 
14A~ 
C6AO 
1814 
~lL 
F F OCIHE 
'LEAVE 
IF 
IT 
IS 
840' 
'478 
I B 15 
CALL 
L r tlO 
:STP.OBE 
TH E 
sOLEHOIDS 
84 A8 
8402 
1816 
~1"P 
F F U' 
, CHEet: 
THE 
FoRH 
FEED 
OLi T 
14 AD 
83 
181 :' 
FFDaHE' 
PE T 
:1:::';J1 
FOR" 
FEED 
J B 1 S 
84 AE 
23E8 
181 
, 
Sf 
T T]": 
"(I'"" 
A 
IBEBH 
, GE T 
[IE L H~' 
VALUE 
8488 
.2 
1828 
HOV 
T " 


'PLIT 
J H 
Tl HE~ 
1481 
55 
1821 
STRT 
T 
,sTAftT 
THE 
T I HE R 
1482 
83 
1822 
RE T 
'U:II 
lB~J 


inter 
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loC 
o8J 
SH 
SOURCE 
STHTEUNT 


8483 
42 
182 •• PRNTBK: 
HoV 
A ..T 
:GET 
THE 
TIHER 
8484 
37 
1825 
CPl 
A 
;TWo$ 
COHPLEUNT 
AC[ 
8U5 
17 
182' 
IHC 
A 


8486 
17 
1827 
IHC 
A 
8U7 
17 
1828 
IHC 
A 
8488 
17 
1829 
IHC 
A 


848' 
17 
1838 
IHC 
A 
; A[)~IUST 
TaER 
84BA 
62 
1831 
HO', 
T •• 
;PUT 
IT 
8ACK 
IN 
TNE 
T IHER 
8488 
8' 
1832 
INLoOP: 
IH 
A ..PI 
:RE AO 
PORT 
1 


848C 
F2C8 
1833 
J87 
[OHPSr. 
:IF 
$EHSoR 
IN 
NOT 
COYERED, 
LEAYE 


848E 
8488 
1834 
JHP 
IHLOoP 
;OTHERW}SE 
LOOP 


84C8 
55 
1835 
COHPBK 
: STRT 
T 
:ST"RT 
THE 
TIHEP 


84C1 
IH5 
1836 
COHP8: 
JTF 
ROTOPT 
:SEE 
IF 
RE" O'! TO 
P RI H T 
84C3 
84CI 
1837 
JHP 
[.0HP8 
;oTNERWISE 
LOOP 
84C5 
23FF 
1838 
ROToPT: 
Hoy 
A.IBFFH 
; lolHI 
A 


84 C7 
62 
1839 
HOY 
T.A 
:PUT 
IT 
IH 
THE 
TIUR 
84 C8 
83 
1848 
RE T 
;EX IT 


1841 
1842 
:T HI S 
ROUTINE 
AOJUSTS 
AN[, SAVES 
THE 
S TH T US 
OURIHC 
PRINTING 


1843 
84C' 
FO 
1844 
STACNK: 
Hoy 
A, STATUS 
;GE T 
THE 
STATUS 
8HA 
n02 
1845 
,184 
LFSET 
.:SE T 
LJ HE 
FEED 
BIT 
84CC 
AA 
1846 
84P.ET: 
Hoy 
SAYPHT,A 
.:SAYE 
THE 
STHTUS 


84 CO 
53C2 
1847 
ANL 
~, 
'BC2H 
;RESET 
EYERYTNI 
HC 
EKCEPT 
1848 
:OIRECTIOH 
AN[I 
PRIHT 
8HF 
AD 
1849 
Hoy 
STATUS, 
A 
.:PU T 
THE 
STATUS 
BACr. 


84['8 
B4 J 3 
1858 
J"P 
LPRHTI 
;D: IT 
84 [12 
4328 
1851 
LFSET: 
OAL 
A, H8H 
;SE T 
8IT 
5 
84D4 
8HC 
1852 
~I"P 
84P.ET 
; ,lll"f' 
8ACK 


1853 
1854 
;T HI S 
ROLlT IHE 
READS 
CHARACTER 
AHO 
PUTS 
IT 
IH 
THE 
ACC 
1855 
8406 
9HF 
1856 
G TC AR : 
AHL 
PJ.ISEFH 
.= SE T 
E HA 8 L E 
BIT 
84[18 
88 
1857 
Hon 
A,81H8UF 
;RE AD 
THE 
CHARACTER 
840' 
3918 
1858 
OAL 
PI ..II 8 H 
;RESET 
EHABLE 
BIT 
84C>8 
83 
1859 
RET 
:D:IT 
GTCHAR 


1868 
1861 
;THIS 
ROUTIHE 
TURHS 
TH E 
"OToR 
oH 


1862 
84DC 
"FE 
1863 
"OToH: 
AHl 
PI,ISFEH 
;TURH 
HOTOR 
OH 
8HE 
33 
1864 
RET 
:EXIT 
1865 
1866 
:THI S 
ROUTINE 
TURHS 
THE 
"oToR 
OFF 


1867 


84DF 
8'81 
1868 
HOToF: 
oAL 
PI ..181 H 
;TURH 
HOToR 
OFF 
84£1 
83 
186' 
RE T 
;EX IT 


1878 
1871 
EHO 
;OoHE 


USER 
S't"80L 
S 


!H!M(I 
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In 1976 Intel introduced 
the MCS-48'" 
family. consisting 
of the 8048. 8748. and 8035 microcomputers. 
These parts 
marked the first time a complete 
microcompLter 
system. 
including 
an eight-bit 
CPU. 
1024 8-bit words of ROM 
or EPROM 
program 
memory. 64 words of data memory. 
I 0 por" 
and an eight-bit 
timer eounter 
could be inte- 
grated onto a single silicon chip. Depending 
only on the 
program 
memory 
contents. 
one 
chip 
could 
control 
a 
limitless variety of products. 
ranging from appliances 
or 
automobile 
engines to text or data processing equipment. 


Follow-on 
produets 
stretehed 
the MCS-48'" architecture 
in several 
directions: 
the 
8049 ana 
8039 doubled 
the 
amount 
of on<hip 
memory and ran 83c( faster: the 8021 
reduced costs by executing 
a subset of the 8048 instruc- 
tions with a somewhat 
slower clock: and the 8022 put a 
unique two<hannel 
8-bit analog-to-digital 
converter 
on 
the same NMOS chip as the computer. 
letting the chip 
interface directly with analog transducers. 


Now three new high-performance 
single-chip 
microcom- 
puters 
the 
Intel@>8051. 8751. and 
8031-extend 
the 
advantages 
of Integrated 
Eleetronics to whole new prod- 
uct areas. Thanks to Intel's new HMOS technology. 
the 
MCS-51'" 
family 
provides 
four 
t••'es 
the 
program 
memory 
and twice the data 
memory 
as the 8048 on a 
single chip. 
New I 0 and 
peripheral 
eapabilities 
both 
increase the range of applicability 
and reduce total system 
cost. 
Depending 
on 
the 
use. 
processing 
throughput 
increases by two and one-half to ten times. 


This Application 
Note is intended to introduce 
the reader 
to the MCS-51'" architecture 
and features. 
While it does 
not assume intimaey with the MCS-48'" 
product 
line on 
the part 
of the reader. 
he she should 
be familiar 
with 


some 
mieroprocessor 
(preferably 
Intel's. 
of course) 
or 
have a background 
in computer 
programming 
and digital 
logic. 


Family 
Overview 


Pinout diagrams 
for the 8051. 8751. and 8031 are shown 
in Figure 
I. The devices include the following 
features: 


• Single-supply 
5 volt operation 
using HMOS 
tech- 
nology. 
• 4096 bytes program 
memory on-chip (not on 8031). 


• 
128 bytes data memory on-chip. 


• 
Four register banks. 


• 
128 User-defined software flags. 


• 64 
Kilobytes 
each 
program 
and 
external 
RA M 
addressability. 


• One microsecond 
instruction 
cycle with 
12 M Hl 
crystal. 


• 32 bidirectional 
I 0 lines organized 
as four 8-bit 
ports (16 lines on 8031). 


• 
Multiple 
mode. 
high-speed 
programmable 
Serial 
Port. 


• Two multiple mode. 16-bit Timer/Counters. 
• Two-level prioritized 
interrupt 
structure. 
• 
Full depth stack for subroutine 
return linkage and 
data storage. 
• Augmented 
MCS-48'" instruction 
set. 


• 
Direct Byte and Bit addressability. 


• 
Binary or Decimal arithmetic. 
• Signed-overflow 
detection and parity computation. 


• 
Hardware 
Multiple and Divide in 4 L1sec. 


• 
Integrated 
Boolean 
Processor 
for control 
applica- 
tions. 
• 
Upwardly compatible 
with existing 8048 software. 
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Line Package. 
with the same pin-out. 
the same timing. 


and 
the 
same 
electrical 
characteristics. 
The 
primary 


difference 
between 
the 
three 
is the 
on-chip 
program 
memory 
different 
types are offered to satisfy differing 
user requirements. 


The 
875 J provides 
4K 
bytes 
of 
ultraviolet-Erasable. 


Programmable 
Read 
Only 
Memory 
(EPROM) 
for 
program 
development. 
prototyping. 
and 
limited 
pro- 
duction 
runs. 
(By convention. 
IK means 
2'11 = 1024. 


Ik-with 
a lower case "k"-equals 
10' = 1000.) This part 
may be individually 
programmed 
for a specific applica- 
tion using Intel's Universal PROM 
Programmer 
(UPP). 


If software 
bugs are detected 
or design 
specifications 


change 
the same part 
may be "erased" 
in a matter 
of 
minutes 
by exposure 
to 
ultraviolet 
light 
and 
repro- 


grammed 
with the 
modified 
code. 
This cycle may be 
repeated 
indefinitely 
during the design and development 
phase. 


The final version of the software 
must be programmed 


into a large number 
of production 
parts. The 805 J has 
4K bytes of ROM which are mask-programmed 
with the 


customer's 
order when the chip is built. This part is con- 


siderably 
less expensive. 
but cannot 
be erased or altered 


after fabrication. 


The 8031 does not have any program 
memory on-chip. 
but may be used with up to 64K bytes of external standard 
or multiplexed 
ROMs. 
PROMs. 
or EPROMs. 
The 8031 


fits well in applications 
requiring 
significantly 
larger or 


smaller amounts 
of memory than the 4K bytes provided 
by its two siblings. 


(The 805 J and 8751 automatically 
access external 
pro- 


gram memory for all addresses greater than the 4096 bytes 
on-chip. 
The 
External 
Access input 
is an override 
for 


all internal 
program 
memory-the 
8051 and 8751 will 


each emulate an 8031 when pin 31 is low.) 


Throughout 
this Note. "8051" is used as a generic term. 


Unless specifically 
stated 
otherwise. 
the 
point 
applies 
equally to all three components. 
Table I summari?es 
the 


quantitative 
differences 
between 
the 
members 
of the 


MCS-48'· 
and MCS-51'· 
families. 


The remainder of this Note discusses the various MCS-51 ,. 
features and how they can be used. Software and or hard- 


W(1ICdpplIl:allUll 
c:x.amplt:~s IllUStrate 
many 
01 the concepts. 


Several isolated tasks (rather 
than one complete 
system 
design example) 
are presented 
in the hope that some of 


them will apply to the reader's experiences or needs. 


A document 
this short 
cannot 
detail all of a computer 
system's capabilities. 
By no means will all the 8051 instruc- 
tions 
be demonstrated; 
the intent 
is to stress 
new or 
unique 
MCS-5 J'. operations 
and instructions 
generally 


used in conjunction 
with each other. For additional 
hard- 
ware 
information 
refer to the 
Intel MCS-51'· 
Family 


User's Manual, 
publication 
number 
121517. The assembly 


language 
and use of ASM51. 
the MCS-51'· 
assembler. 


are further described in the MCS-51 ,. Macro Assembler 
User's Guide, publication 
number 9800937. 


The 
next 
section 
reviews some 
of the 
basic concepts 


of 
microcomputer 
design 
and 
use. 
Readers 
familiar 
with the 8048 may wish to skim through 
this section 


or skip directly 
to the next, "ARCHITECTURE 
AND 
ORGANIZATION." 


Microcomputer 
Background 
Concepts 


Most digital computers 
use the binary (base 2) number 
system internally. 
All variables. constants. 
alpha!,umeric 
characters. 
program 
statements. 
etc .. are represented 
by 


groups 
of binary 
digits ("bits"), 
each of which has the 


value 0 or I. Computers 
are classified by how many bits 


they can move or process at a time. 


The 
MCS-5J'· 
microcomputers 
contain 
an 
eight-bit 
central 
processing 
unit (CPU). 
Most operations 
process 


variables 
eight bits wide. All internal 
RAM and 
ROM. 


and virtually 
all other 
registers are also eight bits wide. 
An eight-bit 
("byte") 
variable 
(shown 
in Figure 2) may 


assume 
one of 2' = 256 distinct 
values. 
which 
usually 


represent 
integers 
between 
0 and 
255. Other 
types 
of 
numbers. 
instructions. 
and so forth 
are represented 
by 


one or more bytes using certain conventions. 


For example. 
to represent 
positive and negative values, 


the most significant bit (D7) indicates the sign of the other 
seven bits-O 
if positive. 
I if negative-allowing 
integer 


variables. 
between 
-128 
and 
+127. For 
integers 
with 
extremely 
large magnitudes. 
several 
bytes are manipu- 
lated together 
as "multiple 
precision" signed or unsigned 
integers-16. 
24. or more bits wide. 


EPROM 
ROM 
External 
Program 
Data 
Instr, 
Input/ 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg, 
Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8021 
IK IK 
64 
8.4 JlSee 
21 
0 
I 


8022 
2K 2K 
64 
8.41,See 
28 
2 
I 


8748 
8048 
8035 
IK 4K 
64 
2.51,See 
27 
2 
2 
8049 
8039 
2K 4K 
128 
1.36/1See 
27 
2 
2 


8751 
8051 
8031 
4K 64K 
128 
1.°I,See 
32 
5 
4 
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The letters "MCS" have traditionally 
indicated 
a system or family of compatible Intel@>micro- 
computer components, including CPUs, mem- 
ories, clock generators, I/O expanders, and so 
forth. The numerical suffix indicates the micro- 
processor or microcomputer 
which serves as 
the cornerstone of the family. Microcomputers 
in the MCS-48'· 
family currently 
include the 
8048-series (8035,8048, & 8748),the 8049-series 
(8039 & 8049), and the 8021 and 8022; the 
family also includes the 8243, an I/O expander 
compatible with each of the microcomputers. 
Each computer's CPU is derived from the 8048, 
with essentially the same architecture, address- 
ing modes, and instruction 
set, and a single 
assembler (ASM48) serves each. 


The first members of the MCS-51'· family are 
the 8051, 8751, and 8031. The architecture of 
the 8051-series, while derived from the 8048, 
is not 
strictly 
compatible; 
there 
are more 
addressing 
modes, more instructions, 
larger 
address spaces, and a few other hardware dif- 
ferences. In this Application 
Note the letters 
"MCS-51" are used when referring to archi- 
tectural features of the 8051-series-features 
which would 
be included on possible future 
microcomputers based on the 8051 CPU. Such 
products 
could 
have 
different 
amounts 
of 
memory 
(as in 
the 8048/8049) or 
different 
peripheral functions (as in the 8021 and 8022) 
while 
leaving the 
CPU and 
instruction 
set 
intact. ASM51 is the assembler used by all 
microcomputers in the 8051 family. 


Two digit decimal numbers 
may be "packed" 
in an eight- 
bit value. using four bits for the binary code of each digit. 
This is called Binary-Coded 
Decimal (BCD) representa- 
tion. 
and 
is often 
used 
internally 
in programs 
which 


interact heavily with human beings. 


Alphanumeric 
characters 
(letters. 
numbers. 
punctuation 
marks. 
etc.) are often 
represented 
using the American 
Standard 
Code 
for 
Information 
Interchange 
(ASCII) 
convention. 
Each character 
is associated 
with a unique 


seven-bit 
binary 
number. 
Thus one byte may represent 


10 
,101,1010101,1 


07 
06 
OS 
04 
03 
02 
01 
00 


Figure 2. Representation of Bits Within an Eight-Bit 
"Byte" (Value shown = 01010001 Binary = 
81 decimal). 


a single character. 
and a word or sequence of letters may 


be represented 
by a series (or "string") of bytes. Since the 


ASCII code only uses 128 characters. 
the most significant 


bit of the byte is not needed to distinguish 
between char- 


acters. 
Often 07 is set to 0 for all characters. 
In some 
coding schemes. 07 is used to indicate the "parity" of the 
other 
seven bits 
set or cleared 
as necessary 
to ensure 


that the total number 
of "I" bits in the eight-bit code is 


even ("even 
parity") 
or odd ("odd 
parity"). 
The 80S I 
includes hardware 
to compute 
parity when it is needed. 


A computer 
program 
consists of an ordered sequence of 


specific. simple steps to be executed 
by the CPU one-at- 


a-time. The melhod or sequence of steps used collectively 
to solve the user's application 
is called an "algorithm." 


The program 
is stored inside the computer 
as a sequence 


of binary 
numbers. 
where each number 
corresponds 
to 


one of the basic operations 
("opcodes") 
which the CPU 


is capable 
of executing. 
In the 
80S I. each 
program 
memory 
location 
is one 
byte. 
A complete 
instruction 
consists 
of a sequence of one or more bytes. where the 
first defines the operation 
to be executed 
and additional 


bytes (if needed) 
hold additional 
information. 
such as 


data values or variable addresses. 
No instruction 
is longer 
than three bytes. 


The way in which binary opcodes and modifier bytes are 
assigned to the CPU's operations 
is called the computer's 


"machine 
language." 
Writing 
a 
program 
directly 
in 


machine language is time-consuming 
and tedious 
Human 
beings think in words and concepts 
rather than encoded 
numbers. 
so each CPU operation 
and resource is given a 


name and standard abbreviation 
("mnemonic"). 
Programs 
are more easily discussed using these standard 
mnemonics. 


or "assembly 
language:' 
and may be typed into an Intel- 


Intellec'-- 800 or Series II- 
microcomputer 
development 


system in this form. The development 
system can mechan- 
ically translate 
the 
program 
from 
assembly 
language 


"source" form to machine language "object" code using a 
program called an "assembler." 
The MCS-S I,. assemllier 
is called ASMS I. 


There are several important 
differences 
between a com- 
puter"s machine language and the assembly language used 
as a tool to represent it. The machine language or instruc- 
tion 
set is the set of operations 
which 
the CPlJ 
can 
perform while a program is executing ("at run-time"). and 
is strictly 
determined 
by the microcomputer 
hardware 


design. 


The assembly 
language 
is a standard 
(though 
more-or- 


less arbitrary) 
set of symbols including the instruction 
set 


mnemonics. 
but with additional 
features 
which further 
simplify 
the 
program 
design 
process. 
For 
example. 


ASMSI 
has controls 
for creating and formatting 
a pro- 


gram 
listing. and a number 
of directive, 
for all,)cating 
variable storage and inserting arllitrar~ 
Ilyle, of data into 


the object code for creating tallie, of con,tant'. 


inter 


In addition, 
ASM51 
can perform 
sophisticated 
mathe- 
matical 
operations, 
computing 
addresses 
or evaluating 
arithmetic 
expressions 
to relieve the programmer 
from 
this drudgery. 
However, these calculations 
can only use 
information 
known at "assembly time." 


For example, 
the 8051 performs 
arithmetic 
calculations 
at run-time. 
eight bits at a time. ASM51 can do similar 
operations 
16 bits at a time. The 8051 can only do one 
simple step per instruction. 
while ASM51 
can perform 
complex 
calculations 
in each line of source code. How- 
ever. the operations 
performed 
by the assembler may only 
use parameter 
values fixed at assembly-time, 
not variables 
whose 
values 
are 
unknown 
until 
program 
execution 
begins. 


For example, 
when the assembly 
language 
source line, 


is o.uemhled. 
AS M51 will find 
the 
value 
of the 
pre- 
viously-defined 
constant 
"LOOP_COUNT" 
in an internal 
symbol table, increment 
the value, multiply the sum by 
three, and (assuming it is between -256 and 255 inclusive) 
truncate 
the product 
to eight bits. When this instruction 
is execUfed, the 8051 ALU will just add that 
resulting 
constant 
to the accumulator. 


Some 
similar 
differences 
exist 
to distinguish 
number 
system ("radix") 
specifications. 
The 8051 does all com- 
putations 
in binary (though there are provisions 
for then 
converting 
the result to decimal form). In the course of 
writing a program, 
though, 
it may be ~ore 
convenient 
to specify constants 
u~ing some other radix, such as base 


Hr. On other occasions. it is desirable to specify the ASCII 
code for some character 
or string of characters 
without 
refering to tables. ASM51 allows several representations 
for constants, 
which 
are converted 
to binary 
as each 
instruction 
is assembled. 


For 
example, 
binary 
numbers 
are 
represented 
in the 


assembly 
language 
by 
a 
series 
of 
ones 
and 
zeros 
(naturally). 
followed by the letter "B" (for Binary): octal 
numbers 
as a series of octal digits (0-7) followed 
by the 
letter "0" (for Octal) or "Q" (which doesn't stand for any- 
thing. but luuks sort of like an "0" and 
is less likely 
to be confused with a zero). 


Hexadecimal 
numbers are represented 
by a series of hexa- 
decimal digits (0-9.A-F). followed by (you guessed it) the 
letter "H." A "hex" number 
must begin with a decimal 
digit: otherwise 
it would look like a user-defined 
symbol 
(to be discussed later). A "dummy" 
leading zero may be 
inserted before the first digit to meet this constraint. 
The 
character 
string 
"BACH" 
could 
be a legal label for a 
Baroque music synthesis routine: the string "OBACH" is 
the hexadecimal 
constant 
BAC,.. 
This is a case where 
adding 0 makes a big difference. 


Decimal numbers are represented by a sequence of decimal 
digits, optionally 
followed by a "D." If a number 
has no 
suffix, it is assumed 
to be decimal-so 
it had better not 
contain 
any non-decimal 
digits. "OBAC" is not a legal 
representation 
for anything. 


When an ASCII code is needed in a program, 
enclose the 
desired character 
between two apostrophes 
(as in '11')and 
the assembler 
will convert 
it to the appropriate 
code (in 
this case 23H). 
A string 
of characters 
between 
apos- 
trophes 
is translated 
into a series of constants; 
'BACH' 
becomes 42H. 41H, 43H, 48H. 


These same conventions 
are used throughout 
the asso- 
ciated Intel documentation. 
Table 2 illustrates some of the 
different number formats. 


2, ARCHITECTURE 
AND ORGANIZATION 
Figure 3 blocks out the MCS-51'" internal organization. 
Each 
microcomputer 
combines 
a 
Central 
Processing 
Unit. two kinds of memory 
(data 
RAM 
plus program 
ROM or EPROM), 
Input/Output 
ports, and the mode. 


Hexa- 
Signed 
Bit Pallern 
Binary 
Octal 
Decimal 
Decimal 
Decimal 


00000000 
OB 
OQ 
OOH 
0 
0 
00000001 
IB 
IQ 
OIH 
I 
+1 
............... 
.. 
... 
... 
.. 
. ... 
00000 
I 1 I 
IIIB 
7Q 
om 
7 
+7 


0000 
I 000 
lOOOB 
IOQ 
08H 
8 
+8 
00001001 
lOOIB 
IIQ 
09H 
9 
+9 
, 


00001010 
1010B 
12Q 
OAH 
10 
+10 


..... ....... ... 
.. 
... 
... 
.. 
. ... 


o 000 
I 1 I I 
II liB 
17Q 
OFH 
15 
+15 
00010000 
10000B 
20Q 
10H 
16 
+16 
............... 
.. 
... 
... 
.. 
. ... 
o I I I I I I 1 
IIII1I1B 
I77Q 
7FH 
127 
+127 
10000000 
10000000B 
200Q 
80H 
128 
-128 


10000001 
1000000lB 
20lQ 
81H 
129 
-127 
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377Q 
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status. 
and data 
registers and random 
logic needed for 
a variety of peripheral 
functions. 
These elements 
com- 
municate 
through 
an 
eight-bit 
data 
bus 
which 
runs 
throughout 
the chip. somewhat akin to indoor plumbing. 
This bus is buffered to the outside world through an I 0 
port when memory or I/O expansion 
is desired. 


Let's summarize 
what each block does; later chapters dig 
into the CPU's instruction 
set and the peripheral 
registers 
in much greater detail. 


Central Processing Unit 
The CPU is the "brains" 
of the microcomputer. 
reading 
the user's program 
and executing 
the instructions 
stored 
therein. Its primary elements are an eight-bit Arithmetic 
Logic Unit with associated 
registers A. B. PSW. and SP. 
and the sixteen-bit 
Program Counter and "Data 
Pointer" 
registers. 


inter 


Arithmetic Logic Unit 


The ALU can perform 
(as the name implies) arithmetic 
and 
logic functions 
on eight-bit 
variables. 
The former 


include 
basic addition. 
subtraction. 
multiplication. 
and 
division; 
the latter include the logical operations 
AND. 


OR. and Exclusive-OR. 
as well as rotate. clear. comple- 
ment. 
and so forth. 
The ALU also makes conditional 
branching 
decisions. 
and provides 
data 
paths and tem- 
porary registers used for data transfers within the system. 
Other instructions 
are built up from these primitive func- 
tions: the addition 
capability 
can increment 
registers or 
automatically 
compute 
program 
destination 
addresses; 
subtraction 
is also used in decrementing 
or comparing 
the 
magnitude 
of two variables. 


These 
primitive 
operations 
are automatically 
cascaded 
and 
combined 
with dedicated 
logic to build 
complex 
instructions 
such as incrementing 
a sixteen-bit 
register 
pair. To execute one form of the compare instruction. 
for 
example. 
the 8051 increments 
the program counter 
three 
times. reads three bytes of program 
memory. computes a 
register 
address 
with logical operations. 
reads 
internal 
data memory twice. makes an arithmetic 
comparison 
of 
two variables. computes a sixteen-bit destination 
address. 


and decides whether or not to make a branch-all 
in two 
microseconds I 


An important 
and unique feature of the MCS-51 archi- 
tecture 
is that the ALU can also manipulate 
one-bit as 
well as eight-bit 
data 
types. Individual 
bits may be set. 
cleared. 
or complemented. 
moved. 
tested. 
and 
used in' 


logic computations. 
While support 
for a more primitive 
data type may initially seem a step backwards 
in an era 
of increasing 
word length. it makes the 8051 especially 


well suited 
for controller-type 
applications. 
Such algo- 
rithms 
inheremlt- 
involve 
Boolean 
(true 
false) 
input 
and output 
vari~bles. 
which were heretofore 
difficult to 
implement 
with standard 
microprocessors. 
These features 
are collectively 
referred 
to as the 
MCS-51'· 
"Boolean 
Processor:' 
and are described 
in the so-named 
chapter 
to come. 


Thanks 
to this powerful 
ALU. the 8051 instruction 
set 
fares well at both 
real-time 
control 
and data 
intensive 


algorithms. 
A total of 51 separate 
operations 
move and 
manipulate 
three data types: Boolean (I-bit). 
byte (8-bit). 
and address (\6-bit). 
All told. there are eleven addressing 
modes 
seven for data. four for program 
sequence con- 


trol (though 
only eight are used by more than just a few 


speciali7ed 
instructions). 
Most operations 
allow several 


addressing 
modes. bringing the total number 
of instruc- 
tions (operation 
addressing 
mode combinations) 
to III. 
encompassing 
255 of the 256 possible eight-bit 
instruc- 
tion opcodes. 


Instruction Set Overview 


Table 4 lists these 
III 
instructions 
classified 
into five 


groups: 


• Arithmetic 
Operations 


• 
Logical Operations 
for Byte Variables 


• 
Data Transfer Instructions 


• 
Boolean Variable Manipulation 


• 
Program 
Branching and Machine Control 


MCS-48'· 
programmers 
perusing Table 4 will notice the 
absence 
of special categories 
for Input 
Output. 
Timerl 


Counter. 
or Control 
instructions. 
These functions 
are all 


still provided (and indeed many new functions are added). 
but as special cases of more generalized 
operations 
in 
other categories. 
To explicitly 
list all the useful instruc- 
tions involving I 0 and peripheral 
registers would require 


a table approximately 
four times as long. 


Observant 
readers will also notice that all of the 8048's 


page-oriented 
instructions 
(conditional 
jumps. 
JM PP. 


MOVP. MOVP3) have been replaced with corresponding 
but non-paged 
instructions. 
The 8051 instruction 
set is 
entirely 
non-page-oriented. 
The 
MCS-48'· 
"MOVP" 
instruction 
replacement 
and all conditional 
jump instruc- 
tions operate 
relative to the program 
counter. 
with the 
actual jump address computed 
by the CPU during instruc- 
tion execution. The "MOVPJ" 
and "J M PP" replacements 


are 
now 
made 
relative 
to another 
sixteen-bit 
register. 


which allows the effective destination 
to be anywhere 
in 
the 
program 
memory 
space. 
regardless 
of where 
the 
instruction 
itself is located. 
There 
are even three-byte 
jump and call instructions 
allowing the destination 
to be 
anrll-here 
in the 64K program address space. 


The instruction 
set is designed to make programs efficient 
both 
in terms 
of code 
size and 
execution 
speed. 
No 


instruction 
requires 
more than 
three 
bytes of program 
memory. 
with the majority 
requiring 
only one or two 
bytes. Virtually all instructions 
execute in either one or 
two instruction 
cycles 
one or two microseconds 
with 
a 
12-M H7 crystal 
with the sole exceptions 
(multiply 
and divide) completing 
in four cycles. 


Many instructions 
such as arithmetic 
and logical func- 
tions or program control. 
provide both a short and a long 
form for the same operation. 
allowing the programmer 
to optimi7e the code produced 
for a specific application. 


The 8051 usually fetches two instruction 
bytes per instruc- 
tion cycle. so using a shorter 
form can lead to faster 
execution as well. 


For example. 
any byte of RAM 
may be loaded with a 
constant 
with a three-byte. 
two-cycle instruction. 
but the 


commonly 
used "working 
regi~ters" 
in RAM 
may be 
initiali7ed 
in one cycle with a two-byte 
form. 
Any bit 


anywhere 
on the chip 
may be set. cleared. 
or comple- 
m;nted 
by a single three-byte 
logical instruction 
using 
two cycles. But critical control 
bits. I 0 pins. and soft- 
ware flags may be controlled 
by two-byte. 
single cycle 
:nstructions. 
While three-byte 
jumps 
and calls call "go 
anywhere" 
in program 
memory. nearby sections of code 
may be reached by shorter 
relative or absolute 
versions. 
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Symbol 
Position 
Name and Significance 
OV 
PSW.2 
Overflow flag. 
Set, cleared by hardware during arith- 
Symbol 
Position 
Name and Significance 
metic instructions 
to indicate overflow 


CY 
PSW,7 
Carry flag. 
conditions. 
Set/cleared by hardware or software 
during certain arithmetic and logical 
PSWI 
(reserved) 


instructions. 
P 
PSWO 
Parity flag. 
AC 
PSW6 
Auxiliary Carry flag. 
Set/cleared by hardware each instruc- 
Set/cleared by hardware during addition 
tion cycle to indicate an odd/even 
or subtraction 
instructions 
to indicate 
number of "one" bits in the accumu- 
carry or borrow out of bit 3. 
lator, i.e., even parity. 


FO 
PSW5 
Flag 0 
Note- 
thecontentsof (RSL 
RSO) enablethe 


Set/cleared/tested 
by software as a 
working 
register banks as follows: 
user-defined status flag. 


(0,0) 
Bank° 
(OOH-07H) 


RSI 
PSW4 
Register bank Select control bits I & O. 
(0,1) -Bank 1 
(08H-OFH) 


Set/cleared by software to determine 
(1.0) 
Bank2 
(IOH-I7H) 


RS 
PSW3 
working register bank (see Note). 
(1.1) -Bank 3 
(18H-IFH) 


A significant 
side 
benefit 
of an 
instruction 
set 
more 
powerful 
than 
those 
of previous 
single-chip 
microcom- 
puters is that it is easier to generate 
applications-oriented 


software. 
Generalized 
addressing 
modes for byte and bit 
instructions 
reduce 
the 
number 
of 
source 
code 
lines 
written 
and debugged 
for a given application. 
This leads 
in turn 
to proportionately 
lower software 
costs, greater 
reliability, and faster design cycles. 


Accumulator 
and PSW 


The 
8051, 
like 
its 
8048 
predecessor, 
is primarily 
an 
accumulator-based 
architecture: 
an 
eight-bit 
register 
called the accumulator 
("A") holds a source operand 
and 
receives the result of the arithmetic 
instructions 
(addition, 
subtraction, 
multiplication, 
and division). 
The accumula- 
tor can be the source or destination 
for logical operations 
and 
a number 
of special 
data 
movement 
instructions, 


including 
table look-ups 
and external 
RAM 
expansion. 
Several 
functions 
apply 
exclusively 
to the accumulator: 


rotates, 
parity 
computation, 
testing for zero, and so on. 


Many 
instructions 
implicitly 
or explicitly 
affect (or are 
affected 
by) 
several 
status 
flags, 
which 
are 
grouped 
together 
to form 
the 
Program 
Status 
Word 
shown 
in 
Figure 4. 


(The period 
within entries 
under 
the Position 
column 
is 
called 
the "dot 
operator," 
and 
indicates 
a particular 
bit 
position 
within an eight-bit 
byte. "PSW.5" 
specifies bit 5 
of the PSW. 
Both the documentation 
and 
ASM51 
use 
this notation.) 


The most"active" 
status bit is called the carry flag (abbre- 
viated 
"C"). 
This bit makes 
possible 
multiple 
precision 
arithmetic 
operations 
induding 
addition, 
subtraction, 


and rotates. 
The carry also serves as a "Boolean 
accumu- 
lator" for one-bit 
logical operations 
and bit manipulation. 


instructions. 
The overflow 
flag (OV) detects 
when arith- 
metic overflow occurs on signed integer operands, 
making 


two's 
complement 
arithmetic 
possible. 
The 
parity 
flag 


(P) is updated 
after every instruction 
cycle with the even- 
parity of the accumulator 
contents. 


The CPU does 
not control 
the two register-bank 
select 
bits, 
RS I and 
RSO. Rather, 
they 
are 
manipulated 
by 


software 
to enable 
one of the four 
register 
banks. 
The 


usage of the PSW flags is demonstrated 
in the Instruc- 
tion Set chapter 
of.this Note. 


Even though 
the architecture 
is accumulator-based, 
pro- 
visions 
have 
been 
made 
to bypass 
the accumulator 
in 
common 
instruction 
situations. 
Data may be moved from 


any location 
on-chip 
to' any register, address, 
or indirect 
address 
(and vice versa), any register may be loaded witfi 
a constant, 
etc .. all without 
affecting 
the accumulator. 


Logical operations 
may be performed 
against 
registers or 
variables 
to alter fields of bits-without 
using or affecting 


the accumulator. 
Variables 
may be incremented, 
decre- 
mented, 
or tested 
without 
using the accumulator. 
Flags 


and control 
bits may be manipulated 
and tested without 
affecting anything 
else. 


Other CPU Registers 


A special eight-bit 
register ("B") serves in the execution 
of 


the multiply 
and divide instructions. 
This register is used 
in conjunction 
with the accumulator 
as the second input 
operand 
and to return eight-bits 
of the result. 


The MCS-51 family processors 
include a hardware 
stack 
within 
internal 
RAM, 
useful 
for 
subroutine 
linkage, 
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passing parameters 
between routines. temporary 
variable 
storage. or saving status during interrupt 
service routines. 


'fhe 
Stack 
Pointer 
(SP) is an eight-bit 
pointer 
register 
which indicates the address of the last byte pushed onto 
the stack. The stack pointer is automatically 
incremented 
or decremented 
on all push or pop instructions 
and all 


subroutine 
calls and returns. 
In theory, the stack in the 
8051 may be up to a full 128 bytes deep. (In practice. even 
simple programs 
would use a handful of RAM locations 
for pointers, 
variables, 
and so forth-reducing 
the stack 
depth by that numbeL) The stack pointer defaults to 7 on 
reset. so that the stack will start growing up from location 
8,just like in the 8048. By altering the pointer contents the 
stack may be relocated 
anywhere 
within internal 
RAM. 


Finally. a 16-bit register called the data pointer (DPTR) 
serves as a base register in indirect jumps. 
table look-up 
instructions, 
and external 
data transfers. 
The high- and 
low-order 
halves of the data pointer may be manipulated 
as separate 
registers 
(DPH 
and 
DPL. 
respectively) 
or 
together 
using special instructions 
to load or increment 
all sixteen bits. Unlike the 8048. look-up tables can there- 
fore 
start 
anywhere 
in program 
memory 
and 
be of 


arbitrary 
length. 


Memory Spaces 


Program 
memory 
is separate 
and 
distinct 
from 
data 
memory. 
Each memory 
type has a different 
addressing 
mechanism, 
different 
control 
signals, 
and 
a different 
function. 


The program 
memory array (ROM or EPROM), 
like an 
elephant. 
is extremely 
large and never forgets informa- 
tion. even when power is removed. 
Program 
memory 
is 
used for information 
needed each time power is applied: 
initialization 
values. 
calibration 
constants. 
keyboard 
layout tables. etc .. as well as the program 
itself. The pro- 
gram memory 
has a sixteen-bit 
address 
bus; its elements 


are addressed 
using the Program 
Counter 
or instructions 


which generate a sixteen-bit address. 


To stretch 
our analogy just a bit. data memory 
is like a 
mouse: it is smaller and therefore 
quicker than program 
memory. and it goes into a random 
state when electrical 
power is applied. On-chip data RAM is used for variables 
which are determined 
or may change while the program 
is running. 


A computer 
spends most of its time ma'nipulating 
vari- 
ables, 
not constants, 
and a relatively 
small number 
of 
variables at that. Since eight-bits 
is more than sufficient 
to uniquely 
address 
128 RAM 
locations, 
the 
on-chip 
RAM address 
register is only one byte wide. In contrast 
to the program 
memory, 
data 
memory 
accesses need a 
single eight-bit 
value-a 
constant 
or another 
variable- 


to specify a unique location. 
Since this is the basic width 
of the 
ALU 
and 
the 
different 
memory .types, 
those 


resources 
can be used 
by the addressing 
mechanisms, 


contributing 
greatly to the computer's 
operating efficiency. 


The partitioning 
of program and data memory is extended 
to 
off-chip 
memory 
expansion, 
Each 
may 
be added 
independently, 
and each uses the same address and data 
busses, but with different 
control 
signals. External 
pro- 
gram memory is gated onto the external 
data bus by the 


PSEN 
(Program 
Store 
Enable) control 
output, 
pin 29. 


External 
data 
memory 
is read onto the bus by the RD 
output, 
pin 17, and written 
with data supplied 
from the 
microcomputer 
by the WR output, 
pin 16. (There is no 
control 
pin to write external 
program 
ROM, which is by 


definition 
Read Only.) While both types may be expanded 
to 
up to 64K 
bytes, 
the external 
data 
memory 
may 


optionally 
be expanded 
in 256 byte "pages" to preserve 


the use of P2 as an I/O port. This is useful with a relatively 
small expansion 
RAM (such as the Intel@>8155) or for 
addressing external peripherals. 


Single-chip 
controller 
programs 
are finalized during 
the 
project design cycle, and are not modified after produc- 
tion. 
Intel's 
single-chip 
microcomputers 
are 
not 
"von 
Neumann" 
architectures 
common 
among 
main-frame 


and 
miniccomputer 
systems: 
the 
MCS-51 ,. 
processor 
data memory-on-chip 
and external-may 
not be used 
for program code. Just as there is no write-control 
signal 
for program 
memory, 
there is no way for the CPU to 
execute 
instructions 
out of RAM. 
In return, 
this con- 
cession 
allows 
an 
architecture 
optimized 
for 
efficient 
controller 
applications: 
a large. fixed program 
located in 
ROM. a hundred 
or so variables in RAM, and different 
methods for efficiently addressing each. 


(Von Neumann machines are helpful for software develop- 
ment and debug. 
An 8051 system could be modified 
to 


have a single off-chip memory space by gating together 
the two memory-read 
controls 
(PSEN 
and 
RD) with a 


two-input 
AND 
gate (Figure 
5). The CPU 
could 
then 
write data into the common memory array using WR and 


• 


n~~}TO 
MEMORY 


~ 
IHiflil5 
AAAAY 


Figure 5. Combining 
External 
Program 
and 
Data 
Memory Arrays 


external 
data transfer 
instructions, 
and read instructions 
or data with the AND gate output 
and data transfer 
or 
program 
memory 
look-up 
instructions.) 


In addition 
to the memory 
arrays, 
there is (yet) another 
(albeit sparsely 
populated) 
physical address 
space. Con- 
nected to the internal 
data 
bus are a score of special- 
purpose eight-bit registers scattered 
throughout 
the chip. 
Some 
of these-B. 
SP, 
PSW, 
DPH, 
and 
DPL--have 
been discussed above. Others-I/O 
ports and peripheral 
function 
registers-will 
be introduced 
in the following 
sections. Collectively, these registers are designated 
as the 
"special-function 
register" address 
space. Even the accu- 
mulator 
is assigned a spot in the special-function 
register 
address space for additional 
flexibility and uniformity. 


Thus. the MCS-51'· 
architecture 
supports several distinct 
·physical" 
address 
spaces, functionally 
separated 
at the 
hardware 
level by different addressing 
mechanisms, 
rcad 
and write control signals, or both: 


• On-chip program 
memory; 
• On-chip data memory; 
• Off<hip 
program memory; 
• Off<hip 
data memory; 
• On-chip special-function 
registers. 


What the proKrammer 
sees, though, are "logical" address 
spaces. 
For 
example. 
as 
far 
as 
the 
programmer 
is 
concerned. 
there is only one type of program 
memory. 
64K bytes in length. The fact that it is formed 
by com- 
bining on- and off-chip arrays (split 4K/60K 
on the 8051 
and 
8751) is "invisible" 
to the programmer; 
the CPU 
automatically 
fetches 
each 
byte from 
the appropriate 
array, based on its address. 


(Presumably, 
future 
microcomputers 
based 
on 
the 
MCS-51'· 
architecture 
may have a different physical splir.. 
with more or less of the 64K total implemented 
on-chip. 
Using the MCS-48'· 
family as a precedent, 
the 8048's 4K 
potential program address space was split IK/3K between 
on- and off<hip arrays; the 8049's was split 2K/2K.) 


Why go into such tedious details about 
address 
spaces? 
The logical addressing 
modes are described in the Instruc- 
tion 
Set chapter 
in terms 
of physical 
address 
spaces. 
Understanding 
their differences now will payoff in under- 
standing and using the chips later. 
' 


Input/Output 
Ports 


The MCS-51'· 
I/O port structure 
is extremely 
versatile. 
The 8051 and 8751 each have 32 I/O pins configured 
as 
four eight-bit parallel ports (PO. PI. P2. and P3). Each pin 
will input or output 
data (or both) under software 
con- 
trol, and each may be referenced 
by a wide repertoire 
of 
byte and bit operations. 


In various operating 
or expansion 
modes. some of these 
I/O pins are also used for special input or output 
func- 
tions. 
Instructions 
which 
access external 
memory 
use 
Port 0 as a multiplexed address/data 
bus: at the beginning 
of an external 
memory cycle eight bits of the address are 
output 
on PO; later data is transferred 
on the same eight 
pins. 
External 
data 
transfer 
instructions 
which supply 
a 
sixteen-bit 
address. 
and 
any 
instruction 
accessing 
external 
program 
memory, 
output 
the high-order 
eight 
bits on P2 during the access cycle. (The 8031 al"'ars uses 
the pins of POand P2 for external addressing. 
but P I and 
P3 are available for standard 
I/O.) 


The eight pins of Port 3 (P3) cach have a special function. 
Two external 
interrupts. 
two counter 
inputs. 
two serial 
data lines. and two timing control 
strobes use pins of P3 
as described 
in Figure 6. Port 3 pins corresponding 
to 
functions 
not used are available for conventional 
I/O. 


Even w,ithin a single port, I/O functions may be combined 
in many ways: input and output 
may be performed 
using 
different pins at the same time, or the same pins at different 
times; in parallel in some cases, and in serial in others; as 
test pins. or (in the case of Port 3) as additional 
special 
functions. 


(MSB) 
I 
00 I 
WO 
T1 


Symbol 
Position 


RD 
P3.7 


(lSB) 


TO liNn I INTO I 
TXO I 
RXO I 


Name and Significance 


Read data control output. Active low 
pulse generated by hardware when 
external data memory is read. 


Write data control output. Active low 
pulse generated by hardware when 
external data memory is wriuen. 


Timercounter 
I external input or test 
pin. 


Timer counter 0 external input or test 
pin. 


Symbol 
Posilion 
Name and Significance 
INTI 
P3.3 
Interrupt I input pin. Low-levelor 
falling-edgetriggered. 


Interrupt 0 input pin. Low-levelor 
falling-edgetriggered. 


Transmit Data pin for serial port in 
UART mode. Clock output in shift 
register mode. 


Receive Data pin for serial port in 
UART mode. Data I 0 pin in shift 
register mode. 


Special Peripheral Functions 


There are a few special needs common 
among control- 


oriented computer 
systems: 
• 
keeping track of elapsed real-time; 


• 
maintaining 
a count of signal transitions; 


• measuring 
the precise width of input pulses; 


• communicating 
with other systems or people; 


• closely monitoring 
asynchronous 
eJ.(ternal events. 


Until 
now. 
microprocessor 
systems 
needed 
peripheral 


chips such as timer/counters. 
USARTs. 
or interrupt 
con- 


trollers 
to meet these needs. The 8051 integrates 
all of 


these capabilities 
on-chip' 


Timer/Counters 


There are two sixteen-bit 
multiple-mode 
Timer/Counters 
on the 8051. each consisting of a "High" byte (correspond- 
ing to the 8048 "T" register) and a low byte (similar to the 
8048 prescaler. 
with the additional 
flexibility 
of being 


software-accessible). 
These registers are called. naturally 


enough. 
THO. TLO. THI. 
and TLI. 
Each pair may be 
independently 
software 
programmed 
to any of a dozen 
modes with a mode register designated 
TMOD 
(Figure 
7). and controlled 
with register TCON (Figure 8). 


The timer modes can be used to measure time intervals. 
determine 
pulse widths. or initiate events. with one-micro- 


second 
resolution. 
up to a maximum 
interval of 65.536 
instruction 
cycles (over 65 milliseconds). 
Longer delays 


may easily be accumulated 
through software. Configured 


as a counter. the same hardware 
will accumulate 
external 


events at frequencies 
from D.C. to 500 KHz. with up to 
sixteen bits of precision. 


Serial Port Interface 


Each microcomputer 
contains 
a high-speed. 
full-duplex. 
serial port which is software 
programmable 
to function 
in four 
basic modes: 
shift-register 
I 0 expander. 
8-bit 


UART.9-bit 
UART. or interprocessor 
communications 


link. The UART modes will interface with standard 
I 0 
devices (e.g. CRTs. 
teletypewriters. 
or modems) 
at data 
rates 
from 
122 baud 
to 
31 kilobaud. 
Replacing 
the 


standard 
12 MHz crystal with a 10.7 MH7 crystal allows 


110 baud. Even or odd parity (if desired) can be included 
with simple bit-handling 
software routines. Inter-processor 


communications 
in distributed 
systems takes place at 187 


kilobaud 
with 
hardware 
for 
automatic 
add,ress/data 
message recognition. 
Simple TTL or CMOS shift registers 


provide 
low-cost 
I/O expansIon 
at a super-fast 
I Mega- 
baud. The serial port operating 
modes are controlled 
by 


the contents of register SCON (Figure 9). 


Interrupt Capability and Control 


(Interrupt 
capability 
is generally 
considered 
a 
CPU 
function. 
It is being introduced 
here since. from an appli- 
cations 
point of view. interrupts 
relate more closely to 
peripheral and system interfacing.) 


• 


(M5B) 
(LSB) 
I GATE I CIT I 
M, 
MO IGATE I CIT I 
M, I 
MO I 
~-_~~ 
/~ 


TIMER 
1 
TIMER 
0 


Operating 
Mode 


MCS-48 
Timer. "TLx" 
serves as five- 
bit prescaler. 


16-bit timer counter. 
"THx" 
and "TLx" 
are cascaded: 
there is no prescaler. 


8-bit auto-reload 
timer counter. 
"THx" 
holds a value which is to be reloaded 
into ··TLx" each time it overflows. 
Gating control. 
When set. Timer counter 
"x" is enabled 
only while "INTx" 
pin is 
high and "TRx" control 
bit is set. When 
cleared. 
timer 
counter 
is enabled 
whenever 
"TRx" 
control 
bit is set. 


(Timer 
0) 
TLO is an eight-bit 
timer 
counter 
controlled 
bv the 
standard 
Timer 0 co;'lrol 
bits. 
THO is an eight-bit 
timer 
only controlled 
by Timer 
I 
control 
bits. 


Timer or Counter 
Selector. 
Cleared 
for 
Timer operation 
(input 
from internal 
system clock). Set for Counter 
opera- 
tion (input 
from "Tx" input pin). 


(MSB) 
(lSB) 
I TFI I TR' 
TFO 
TRO 
IE' 
ITl 
IEO I 
ITO 


Symbol 
Position 
Name 
and 
Slgnlllcance 
Symbol 
Position 
Name 
and 
Significance 
lEI 
TCON.3 
Interrupt 
I Edge flag. Set by hardware 
TFI 
TCON.7 
Timer I overflow Flag. Set by hardware 
when external 
interrupt 
edge detected. 


on timer/counter 
overflow. Cleared 
Cleared 
when interrupt 
processed. 
when interrupt 
processed. 
ITI 
TCON.2 
Interrupt 
I Type control 
bit. Set cleared 
TRI 
TCON.6 
Timer 
I Run control 
bit. Set/cleared 
by software 
to specify falling edge 
low 
by software 
to turn timer 'counter 
level triggered 
external 
interrupts. 


on off. 


lEu 
TCON.I 
Interrupt 
0 Edge flag. Set by hardware 
TFO 
TCON.5 
Timer 0 overflow Flag. Set by hardware 
when external 
interrupt 
edge detected. 
on timer'counter 
overflow. Cleared 
Cleared 
when interrupt 
processed. 


when interrupt 
processed. 
ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Set cleared 
TRO 
TCON.4 
Timer 0 Run control 
bit. Setfcleared 
by 
by software 
to specify falling edge 
low 
software 
to turn timer/counter 
on :off. 
level lriggered 
external 
interrupts. 


Symbol 
Posilion 
Name and Significance 
Symbol 
Position 
Name and Significance 
SMO 
SCON.? 
Serial port Mode control bit O. 
RB8 
SCON.2 
Receive Bit 8. Set/cleared by hardware 


,Set/cleared by software (see note). 
to indicate state of ninth data bit 
received. 


SMI 
SCON.6 
Serial port Mode control bit I. 
Set/cleared by software (see note). 
TI 
SCON.I 
Transmit Interrupt flag. Set by hard- 
ware when byte transmitted. Cleared 
SM2 
SCON.S 
Serial port Mode control bit 2. Set by 
by software after servicing. 
software to disable reception of frames 
for which bit 8 is zero. 
RI 
SCON.O 
Received Interrupt flag. Set by hard- 
ware when byte received. Cleared by 


REN 
SCONA 
ReoeiverEnable control bit. Set/cleared 
software 
after servicing. 
by software to enable/disable serial 
data 
reception. 
Nole- 
thestaleof (S MO.S M I) selects: 
(O.O)-Shift 
register 
1,,0 expansion. 


TB8 
SCON.3 
Transmit Bit 8. Set/cleared by hard- 
(0.1)-8 
bit UART. 
variable 
data rate. 


ware to determine 
state of ninth data 
(1.0)-9 bil UART.fixeddata rate. 


bit transmitted in 9-bit UART mode. 
CI, I)-9 
bit UART. 
variable 
data 
rate. 


These 
peripheral 
functions 
allow 
special 
hardware 
to 
monitor 
real-time 
signal 
interfacing 
without 
bothering 
the CPU. For example, imagine serial data is arriving from 
one CRT 
while being transmitted 
to another, 
and one 
timer/counter 
is tallying 
high-speed 
input 
transitions 
while the other measures 
input pulse widths. During all 
of this the CPU is thinking about something else. 


But how does the CPU know when a reception, transmis- 
sion, count, 
or pulse is finished? The 8051 programmer 
can choose from three approaches. 


TCON and SCON contain status bits set by the hardware 
when a timer overflows or a serial port operation 
is com- 
pleted. The first technique 
reads the control 
register into 


the accumulator, 
tests the appropriate 
bit, and does a 


conditional 
branch 
based 
on the result. 
This "polling" 
scheme 
(typically 
a three-instruction 
sequence 
though 
additional 
instructions 
to save and 
restore 
the 
accu- 
mulator 
may 
sometimes 
be 
needed) 
will 
surely 
be 
familiar 
to programmers 
used to multi-chip 
microcom- 
puter 
systems 
and 
peripheral 
controller 
chips. 
This 
process is rather cumbersome, 
especially when monitoring 
multiple peripherals. 


As a second approach, 
the 8051 can perform a conditional 
branch 
based on the state of any control 
or status bit or 
input 
pin 
in a single 
instruction; 
a four 
instruction 


sequence 
could 
poll the four 
simultaneous 
happenings 


mentioned 
above in just eight microseconds. 


Unfortunately, 
the CPU must still drop what it's doing 
to test these bits. A manager 
cannot 
do his own work 
well if he is continuously 
monitoring 
his subordinates; 
they should interrupt 
him (or her) only when they need 
attention 
or guidance. 
So it is with machines: ideally, the 


CPU would not have to worry about the peripherals 
until 
they require servicing. At that time, it would postpone the 


background 
task long enough to handle the appropriate 
device, then return to the point where it left off. 


This is the basis of the third and generally optimal solu- 
tion, 
hardware 
interrupts. 
The 8051 has five interrupt 


sources: one from the serial port when a transmission 
or 
reception 
is complete, 
two from the timers when over- 


flows occur, and two from input pins INTO and INTI. 
Each source may be independently 
enabled 
or disabled 


to allow polling on some sources or at some times, and 
each may be classified as high or low priority. 
A high 
priority 
source 
can 
interrupt 
a 
low 
priority 
service 


routine; 
the 
manager's 
boss can 
interrupt 
conferences 


with subordinates. 
These options are selected by the inter- 
rupt 
enable 
and 
priority 
control 
registers, 
IE and 
IP 


(Figures 
10 and II). 


Each source has a particular 
'program 
memory 
address 


associated 
with it (Table 3), starting 
at 0003H (as in the 


8048) and continuing 
at-eight,byte 
intervals. 
When an 


event enabled for interrupts occurs the CPU automatically 
executes an internal subroutine 
call to the corresponding 


address. 
A user subroutine 
starting 
at this location 
(or 
jumped 
to from this location) then performs the instruc- 
tions to service that particular 
source. 
After completing 
the interrupt 
service 
routine, 
execution 
returns 
to the 


background 
program. 


Interrupt 
Service Routine 
Source 
Starting Address 


(Reset) 
OOOOH 
External 0 
0003H 
Timer/ Counter 0 
OOOBH 
External I 
0013H 
Timer/Counter 1 
OOIBH 
Serial Port 
0023H 


• 


inter 


(MS8) 
I 
EA I 


Symbol 
Position 


EA 
IE.7 


(LSB) 


ES 
ETl 
EXl I 
ETO I 
EXO I 


Name and Significance 


Enable 
All control 
bit. Cleared 
by 


software 
10 disable all interrupts. 


independent 
of the state of IE.4-IE.O. 


Enable Serial port control 
bit. 


Set cleared 
by software 
to enable 


disable 
interrupts 
from TI or RI flags. 


Enable Timer 
I control 
bit. Set cleared 
by software 
to enable 
disable interrupts 
from 
timer/counter 
I. 


Symbol 
Position 


EXI 
IE.2 


Name and Significance 


Enable 
External 
interrupt 
I control 
bit. 


Set cleared 
by software 
to enable 


disable 
interrupts 
from IlliT I. 


Enable Timer 0 control 
bit. Set cleared 
by software 
to enable 
disable 
interrupts 


from timer counter 0 


Enable 
External 
interrupt 
0 control 
bit. 


Set cleared 
by software 
to enable 


disable 
interrupts 
from II\TO. 


(MS8) 
I - I 


Symbol 
Position 


IP.7 
IP.6 
IP.5 


(lSB) 


PS 
PT1 
PXl 
PTO I pxa I 


Name and Significance 


(reserved) 
(reserved) 
(reserved) 


Serial 
port 
Priority 
control 
bit. 


Set cleared 
by software 
to specify 


high 
low priority 
interrupts 
for Serial 
port. 


Timer I Priority control bit. 
Set cleared 
by software 
to specify 


high 
low priority 
interrupts 
for 
timer 
counter 
I. 


Symbol 
Position 


PXI 
IP.2 


Name and Significance 


External 
interrupt 
1 Priority 
control 
bit. Set cleared 
hy software 
to specify 


high 
low priority 
interrupts 
for INTI. 


Timer 
0 Priority 
control 
bit. 


Set cleared by software 
to specify 


high 
low 
priority 
interrupts 
for 


timer 
counter 
O. 


External 
interrupt 
0 Priority 
control 
bit. Set cleared 
by software 
to 'pecify 


high 
low priority 
interrupts 
for INTO. 


"DD 
ADD 
ADD 
ADD 
ADDC 
ADIK 
"DDC 
"I>D(, 
Sl88 
Sl 
HH 


Sl 
HH 
SlHH 
lSC 
1'\(' 
1'\<: 
1'\(' 
DF(' 
IHT 
DFC 
DF(' 
I'\C 
~1lll 
DI\ 
DI\ 


A.Rn 
A.direci 
A.(n'lRi 
A.#data 
".Rn 
".dlrect 
".(n·RI 
A.#dal.a 
A.Rn 
A.dm:-ct 
A.(itRi 
A.JJd.Ha 
A 
Rn 
dln:ct 
(O'Ri 


A 
Rn 
direct 
(o)RI 
1>1'1 R 
A8 
A8 
A 


O~'i(riplion 
Add 
register 
II) AccumulalUr 
Add 
direct 
b\te 
to Accumulator 


Add 
Indirect'RA\i 
to Accumulator 
Add 
Immediale 
data 
In Accumulator 
Add 
regIster 
to Accumulalnr 
\uth 
Carr~ 
Add 
direci 
hyle 
to A \\olth Carr~ 
nag 
Add 
indirect 
RAM 
to 
A ••••uh 
Carr~ 
na~ 
Add 
Immediale 
dala 
tn A \loith Carr~ 
na~ 
Subtract 
re!!ister 
frum 
A \louh 
Borro\lo 


Suhtract 
direct 
b\te 
frum 
A ••••lIh 
Born)\lo 


Suhtraci 
mdirect·RA 
.•••1 frum 
A •••• Borw 
•••• 


Subtract 
immed 
data 
frum 
A •••• Bnrro\lo 
Increment 
Accumulalnr 


Increment 
rq!lster 


Increment 
dire('t 
b\te 


Increment 
indlrect'RAM 
l>Ccrement 
Accumulator 


I>ecn:ment 
re~ister 


Decrement 
direct 
h\te 


Decrement 
indirect' 
RAM 


Increment 
Data 
I)ointer 
Muhirl~ 
A & H 


DI\ide 
A h\ 
H 
Ikl'lmal 
Adjust 
Accumulator 


~lin.lion 
A'\ 
D register 
tll Accumulator 
A .•••,) direct 
h\te 
tll Accumulator 
A'\D 
mdaett'RAM 
to Accumulator 
A'D 
immediate 
data 
tll ACl'umulator 


A~D 
Accumulator 
III direct 
h\tc 
A'D 
immediate 
dilt;t 
tll direci 
bl,le 
OR 
reg.lster 
to Accumulator 
. 
OR 
direct 
h\te 
to Accumulator 
OR 
indirect'RAM 
In Accumulator 
OR 
immediate 
dala 
to Accumulator 
OR 
Accumulator 
to direct 
bl,te 
OR 
Immediate 
data 
to direci 
bl,te 


E~c1usll,c+OR 
regISter 
to 
AccumulalOf 
F~c1usll,e-OR 
direct 
hl,lc 
10 Accumulator 
l'(e1usll,e-OR 
mdael'I'RA\i 
In A 
f'(c1usi\C'-OR 
Immedlale 
dala 
In A 
F~e1usil,e·OR 
Accumulatnr 
to dlrecl 
h\le 
F~e1usil,e-OR 
immediate 
dala 
IU direci 
Clear 
Accumulator 
Comrlemenl 
Accumulator 


Rotale 
Accumulator 
l.e1t 


Rolate 
A I eft 
tbrou~h 
the 
Carry 
Oag 


Rotate 
Accumulator 
Right 
RUlate 
A RIghi 
through 
Carr~ 
flag 
S ••••ap 
nibbles 
••••Ithin 
the 
Accumulawr 


O~criplion 
Mol,e 
reg.isler 
10 AccumLllalOr 
\1me 
direct 
hl,te 
10 Accumulator 
\.1me 
mdirect-RAM 
tn Accumulatur 


Mul,e 
Immcdlate 
data 
to Accumulatnr 


Mol,c 
Accumulator 
to register 
Mu\c 
direct 
h~te 
It) register 


Mol,e 
immediate 
data 
10 regl~tt'r 


MII\C 
Accumulator 
tll dlrcct 
o\'te 


M.nc 
register 
to direct 
b~te 
. 
Mme 
direct 
o\tt' 
hi direct 
Mol,e 
indirect'RAM 
10 direct 
ol,te 
Mme 
Immediate 
data 
III dlrCl·t 
inte 


Mme 
Accumulatur 
\I) mdlrect 
R'AM 
\1()\e 
direct 
bl,tC In indirecl 
RAM 


Mme 
immedi~lte 
dala 
10 Indlrecl 
RAM 
!.oad 
Dala 
l)lltnler 
••••ilA a Ift-oit 
constant 


Byt~ ()c 
I 
I 


2 
I 
I 
I 


2 
I 
I 
I 


2 
, 
, 
I 
2 
, 
I 
I 
I 
I 
I 
I 
I, 
I, 


I 
I, 


B,t~ C,c 
r 
, 
2 
I 


I 
I 


2 
I 


2 
I 


J 
~ 


I 
2 
I 
2, 


B\I~ 
(lC 
'1 
i 
2 
I, 


r 


r 
2 


Mntmonic 
MOVC 
A.@A+DPTR 
MOVC 
A.@A+PC 


MOVX 
A.@Ri 
MOVX 
A,@lOPTR 


MOVX 
@RLA 


MOVX 
@lIlPTR.A 
PUSH 
direct 
POP 
dirtct 
XCH 
A.Rn 
XCH 
A.dlrect 
XCH 
A.@RI 
XCHD 
A.@RI 


Dt"SCriplion 
Move 
Code 
o'le 
relali\'e 
10 DPTR 
to A 


Mo\e 
Code 
b"le 
relalil,e 
10 PC 
to A 


Mo\'e 
Ex.termi.l 
RAM 
(H-oll 
addr) 
tn A 


Mo\'e 
External 
RAM 
(Ib-bit 
addrl 
to 
A 


Move 
A 10 External 
RAM 
(H+bit addrJ 


Mme 
A 
III E~lernal 
RAM 
(lb·hit 
addrJ 
Push 
direct 
one 
unlo 
slack 
Pur 
direct 
o~'te from 
stal'k 
E'(change 
register 
••••ilh 
Accumulator 
E_'(cnan~e 
direct 
b~le 
••••Ith Al'cumulatnr 
E'(chani!e 
tndlrect 
RAM 
••••Ith 
A 
E'(chan~c 
In\\o-ordcr 
DI~lt 
md 
RAM 
\\0 
A 


Bvl~ CH 
" 
i 


, 
2 


r 
2 


I 
2 


I 
2 


I, 


2 


D~licriplion 
Clear 
Carr~ 
nag 
Ckar 
dIrect 
oit 
Set 
Carry 
nag 
Sel 
dlrt:-ct 
Hit 
Cumplemcnt 
Carr~ 
nag 
Complement 
direct 
hll 
A'\ 
D direel 
bIt hi Carr~ 
n.lJof 
A;-.in 
l'omplemenl 
ul direct 
hit 
In Carr~ 


OR 
dIrect 
nil to Carr~ 
flai! 
OR 
Ctlmplement 
uf dm:-ct 
hit 
10 Carr~ 


Mme 
dln:-ct 
bit 
tll Carr~ 
nag 
Mme 
Carr~ 
nag 
In d,reci 
hit 


B~lt C~e 


I 
I 


2 
I 
I 
I 


2 
I 
I 
I,, 


2, 


AS! 
AS! 
"""" 
1\'\1 
"-'\1 
ORI 
ORI 
ORI 
ORI 
ORI 
ORI 
XRI 
XRI 
XRI 
'\RI 
XRI 
XRI 
CIR 
CPI 
RI 
RIC 
RR 
RRC 
SWAP 


A.Rn 
A.dlrect 
A.(a:Ri 
"'."data 
dlrect.A 
dIrect. 
itda ta 
A.Rn 
A.direci 
A.(a)Ri 
A.#data 
direct.A 
dlrect.#data 
\.Rn 
A.direci 
\.(aJRi 
"."dala 
dlrect.A 
d,recl."dala 
A 
A 
A 
A 
A 
A 
A 


Mn~monic 
('I.R 
C 
CI 
R 
bIt 


SFIH 
(' 
SF I H 
hil 
("PI 
C 
("PI 
bit 
A'\1 
Chit 
A'I 
C hll 
ORI 
Coil 
ORI 
ChIt 
MOV 
ChIt 
MOV 
tut.C" 


Mnt'monic 
ACAII. 
addrll 
I CAI.I 
addrlb 


REI 
REII 
A.lMI" 
UMP 
SJMI" 
.I~1r 
J7 
JSL 
JC 
.1'\(" 
.18 
.I'\H 
IHC 
C.J'F 
C.I'\F 
CI\"F 
(".I:'\F 
D.I .•••Z 
D.I'\Z 
'\()I' 


addrl 
I 
addrlfl 
rel 
(Q'A"DPI 
R 
,d,,',,' 
rei 
hiud 
bu.rel 
hit.rel 
A.dlfl.."Cuei 
A.#data.rel 
Rn.tldala.rel 
(wRi.#data.rel 
Rn.rel 
dirt'ct.rel 


D~criplion 
Ahsolute 
Suhrllutlne 
Call 


loni! 
Subroutine 
Call 


Return 
from 
suhrllutine 


Return 
from 
interrupt 
Ahsolule 
Jump 
!.ong 
Jumr 
Short 
Jump 
(relalil,e 
addrl 
Jump 
indirel·t 
relalll,e 
tn th~ 
DPfR 


Jump 
If AceumulaltH 
is Ztru 
Jump 
if Accumul.Hor 
is 'ot 
Zero 


Jump 
II Carry 
nag. is set 
Jump 
if '0 Carr~ 
nag 
Jump 
if dirC("t 
Bit sel 


Jump 
if direct 
BIt ~nl 
set 
Jump 
if dirC("t 
Bit is set & Clear 
hil 
Compare 
direct 
to A & .lump 
if ~Ol 
Ellual 
Cump. 
immed. 
to 
A & Jump 
if '\"ot 
Equal 
Compo 
immed. 
to reg. & Jump 
if ~ot 
Ellual 
Compo 
immed. 
tn md, & Jumr 
if ~(lt 
F4ual 


l>Cerement 
regi~ter 
& .Iumr 
if. '\"ot 
Zem 


J)ccrt'mcnt 
direct 
& .Iumr 
if 'ot 
Zeru 


'\1) 
~Jpcrallon 


B,tt 
Cye 


:2 
~ 
J 
~ 


I 
I 
2 
-', 


'ot~ 
on dala .ddr~'!'oinl modr'lo: 
Rn 
W\lf~ing 
rt'glsler 
RO 
R 7 


dlrel'l 
12x Inlernal 
RAM 
Incallnns. 
an~ 
I () pOri. 
cunlfnl 
ur slat us rei!lstn 


(a RI 
Indlrt",·t 
Inlt'rnal 
RAM 
Incallun 
addresst"d 
h~ rt'!!lstcr 
RO \If R I 
JJdata 
X-hIt conslant 
included 
in instruction 
Ilddlalb 
I~-hll 
cunstant 
included 
as hl,tt's 
2 &.' Iliinstrucllun 
hIt 
12H soll ••••an· 
nags. 
an~ 
I 0 
pin. 
cUnirul 
or status 
hll 


'ole •..on prol':rllmaddr~'l:sinlmod~'I:: 
addrlb 
Dcstinatwn 
addrc" 
1m 
ICAI.I. 
& 
I.lMP 
mal, 
he 
am 
••••here 
••••lInin 


the 
M-Kilnhyte 
prog.ram 
memory 
addre" 
space.' 
. 
addrll 
I>t'stlnation 
addre" 
lllr 
ACAI.l 
& 
A.IM!' 
••••ill 
hI; 
"ithln 
thc 
same 
2-Kil(lh~lt' 
pa~c 
of program 
memor~ 
as the 
first 
hyle 
01 the 
!nHo ••••ing 


InstruetnlR. 


rei 
S.l1\1 P and 
all condlllllnallumps 
mclude 
an 
H·hit 
olfset 
h~le. 
Range 
IS 
"127 
I::!H b~tes 
relatil,C 
tn firsl 
h~le 
ollhc 
lnllo 
••••'ng 
instructt~ln 


'1n~munic 
"-1()\ 
·\.Rn 
\i()\ 
A.dlrect 
\1n\" 
.\.<n RI 
\10\ 
·\."dala 
\AO\ 
Rn.l\ 
1\10\ 
Rn.dlrecl 
MOV 
Rn.#dala 
MO\" 
dlrccl.A 
MO\ 
dlrCl·I.Rn 


'-i(),," 
direcl.direct 
M()\ 
direl·t.(Q"Ri 
\10\ 
dITn:l.#dala 
1\1()\ 
(n RI.I\ 
"-10\, 
(a'RI.dirt"Ct 
\10\ 
(n Rl.#data 
\10\ 
I>PI 
R.#datalb 


The 8051 instruction 
set is extremely 
regular, in the sense 


that 
most instructions 
can operate 
with variables 
from 


several different physical or logical address spaces. Before 
getting deeply enmeshed 
in the instruction 
set proper. 
it 


is important 
to 
understand 
the 
details 
of 
the 
most 


common 
data addressing 
modes. Whereas Table 4 sum- 


mari7es the instructions 
set broken 
down by functional 


group. 
this 
chapter 
starts 
with 
the 
addressing 
mode 
classes and builds to include the related instructions. 


Data Addressing 
Modes 


MCS-51 
assembly 
language 
instructions 
consist 
of an 
operation 
mnemonic and 7ero to three operands separated 


by commas. 
In two operand 
instructions 
the destination 


is specified first. then the source. 
Many byte-wide 
data 


AFN-01502A-17 


• 


inter 


operations 
(such as ADD 
or MOV) inherently 
use the 
accumulator 
as a source operand 
and/or 
to receive the 
result. For the sake of clarity the letter ~A" is specified in 
the source 
or destination 
field in all such instructions. 


For example, 
the instruction, 


ADD 
A,<source> 


will add the variable<source>to 
the accumulator, 
leaving 
the sum in the accumulator. 


The operand 
designated 
~<source>" 
above may use any 
of four common 
logical addressing 
modes: 


• 
Register-one 
of the working 
registers in the cur- 
rently enabled bank. 


• 
Direct-an 
internal 
RAM 
location, 
I/O 
port, 
or 
special-function 
register. 


• 
Register-indirect-an 
internal 
RAM 
location, 
pointed to by a working register. 
• 
Immediate data-an 
eight-bit constant 
incorporated 
into the instruction. 


The first three modes provide access to the internal RAM 
and Hardware 
Register address spaces, and may therefore 
be used as source or destination 
operands; 
the last mode 
accesses program 
memory and may be a source operand 
only. 


(It is hard to show a "typical application" 
of any instruc- 
tion without involving instructiol1$ not yet described. The 
following descriptions 
use only the self-explanatory 
ADD 
and 
MOV 
instructions 
to demonstrate 
how 
the 
four 
addressing 
modes 
are 
specified 
and 
used. Subsequent 
examples will become increasingly complex.) 


Register Addressing 


The 8051 programmer 
has access to eight ~working regis- 
ters," numbered 
RO-R 7. The least-significant 
three-bits of 
the instruction 
opcode 
indicate 
one register within this 
logical address space. Thus, a function code and operand 
address 
can 
be combined 
to form 
a short 
(one 
byte) 
instruction 
(Figure 
12.a). 


The 8051 assembly language indicates register addressing 
with the symbol 
Rn (where n is from 0 to 7) or with a 
symbolic 
name 
previously 
defined 
as a register 
by the 
EQUate 
or SET directives. 
(For 
more information 
on 
assembler 
directives see the Macro Assembler 
Reference 
Manual.) 


There are four such banks of working registers, only one 
of which is active at a time. Physically, they occupy the 
first 32 bytes of on-chip data 
RAM (addresses 
0-1FH). 
PSW 
bits 4 and 
3 determine 
which bank 
is active. 
A 


hardware 
reset 
enables 
register 
bank 
0; to 
select 
a 


different bank the programmer 
modifies PS W bits 4 and 
3 accordingly. 


Example 
2-Selecting 
Alternate 
Memory 
Banks 


Register addressing 
in the 8051 is the same as in the 8048 


family, 
with two enhancements: 
there 
are 
four 
banks 


rather than one or two, and 16 instructions 
(rather than 
12) can access them. 


Direct Byte Addressing 


Direct 
addressing 
can 
access 
anyon-chip 
variable 
or 
hardware 
register. 
An additional 
byte appended 
to the 
opcode specifies the location to be used (Figure 
12.b). 


Depending 
on the highest order bit of the direct address 
byte, 
one of two physical 
memory 
spaces 
is selected. 
When the direct address is between 0 and 127 (00H-7FH) 
one of the 128 low-order on-chip RAM locations is used. 
(Future 
microcomputers 
based on the MCS-51'· 
archi- 
tecture may incorporate 
more than 
12Kbytes of on-chip 
RAM. 
Even if this is the case, only the low-order 
12K 


bytes will be directly addressable. 
The remainder 
would 
be accessed indirectly or via the stack pointer.) 


All I 0 ports 
and 
special 
function, 
control. 
or status 


registers 
are assigned 
addresses 
between 
128 and 
255 
(80H-OFFH). 
When the direct address 
byte is between 
these 
limits 
the 
corresponding 
hardware 
register 
is 


accessed. 
For example, 
Ports 0 and I are assigned direct 
addresses 
80H and 90H, respectively. 
A complete 
list is 


presented 
in Table 5. Don't 
waste your time trying to 
memorize the addresses in Table 5. Since programs 
using 
absolute addresses for function registers would be difficult 
to write or understand, 
ASM51 allows and understands 
the abbreviations 
listed instead. 


Example 
4 - 
Adding 
Input 
Port Data to Output 
Port 
Data 


Direct addressing 
allows all special-function 
registers in 
the 
8051 to 
be read, 
written, 
or 
used 
as instruction 
operands. 
In general, 
this is the onlr method 
used for 
accessing I 0 ports and special-function 
registers. If direct 


addressing 
is used with special-function 
register addresses 


other 
than 
those 
listed. the result of the instruction 
is 


undefined. 


inter 


The 8048 does not have or need any generalized 
direct 
addressing 
mode. since there are only five special registers 
(BUS. PI. P2. PSW. & T) rather than twenty. Instead. 
16 
special 8048 opcodes control 
output 
bits or read or write 
each register to the accumulator. 
These functions 
are all 
subsumed 
by four of the 27 direct addressing instructions 
of the 8051. 


Register 
Address 
Function 


PO 
~OH" 
Port 0 
SP 
~I H 
Stack 
Pointer 
DPI. 
~2H 
Data 
Pointer 
(Low) 
DPH 
XJH 
Data 
Pointer 
(High) 
rco 
••• 
X~H" 
Timer 
register 
rMOD 
X9H 
Timer Mode register 
rl.o 
XAH 
Timer 0 Low byte 
rl.l 
~BH 
Timer 
I Low byte 
THO 
XCH 
Timer 0 High byte 
THI 
XDH 
Timer 
I High byte 
PI 
90H" 
Port 
I 
SCO:>i 
9~H" 
Serial 
Port 
Control 
register 
SllliF 
99H 
Serial 
Port data 
Buffer 
1'2 
OAOH" 
Port 2 
If 
OA~H" 
Interru pt E na hie register 
1'.1 
OBOH" 
Port .1 
II' 
OBXH" 
I nterrupt 
Priority 
register 
I'SW 
ODOH" 
Program 
Status 
Word 
ACC 
OEOH" 
Accumulator 
(direct address) 
Il 
OFOH" 
B register 


Register-Indirect 
Addressing 


How can you handle variables whose locations in RAM 
are determined. computed. 
or modified while the program 
is running') 
This 
situation 
arises 
when 
manipulating 
sequential memory locations. indexed entries within tables 
in RAM. 
and 
multiple 
precision 
or string 
operations. 
Register or Direct addressing 
cannot 
be used. since their 
operand addresses are fixed at assembly time. 


The 8051 solution is "register-indirect 
RA M addressing:' 
RO and R J of each register bank may operate as index 
or pointer 
registers. their contents 
indicating 
an address 
into RAM. The internal 
RAM location 
so addressed 
is 
the actual operand 
used. The least significant 
bit of the 


instruction 
opcode determines 
which register is used as 
the "pointer" (Figure 12.c). 


In the 8051 assembly language. register-indirect addressing 
is represented 
by a commercial 
"at" sign ("@") preceding 
RO. R I. or a symbol defined 
by the user to be equal to 
RO or R I. 


Example 
5 -Indirect 
Addressing 


. INDAOR 
ADD 
CONTENTS 
OF 
MEMORV 
LOCATION 
ADDRESSED 
BV 
REG ISlER 
1 


TO 
CONTENTS 
OF 
RAM 
LOCATION 
ADDRESSED 
BV 
RECISTER 
0 


Indirect 
addressing 
on the 8051 is the same as in the 
8048 family. except that all eight bits of the pointer register 
contents 
are significant; 
if the contents 
point to a non- 
existent 
memory 
location 
(i.e.. an address 
greater 
than 
7FH on the 8051) the result of the instruction is undefined. 
(Future 
microcomputers 
based on the MCS-51'" 
archi- 
tecture 
could 
implement 
additional 
memory 
in 
the 
on-chip 
RAM 
logical address 
space at locations 
above 
7FH.) The 8051 uses register-indirect 
addressing 
for five 
new instructions 
plus the 13 on the 8048. 


Immediate Addressing 


When a source operand 
is a constant 
rather than a vari- 


'able (i.e.-the 
instruction 
uses a value known at assembly 
time). then the constant 
can be incorporated 
into the 
instruction. 
An additional 
instruction 
byte specifies the 
value used (Figure 
12.d). 


The value used is fixed at the time of ROM manufacture 
or EPROM 
programming 
and may not be altered during 
program 
execution. 
In the assembly language immediate 
operands 
are 
preceded 
by a number 
sign ("II"). The 
operand 
may 
be either 
a numeric 
string. 
a symbolic 
variable. or an arithmetic 
expression 
using constants. 


6 - Adding 
Constants 
Using Immediate 
Addressing 


The preceding 
example 
was included 
for consistency; 
it 
has little practical value. Instead. AS M51 could compute 
the sum of two constants 
at assembly time. 


Example 
7 -Adding 
Constants 
Using ASM51 
Capabilities 


a.1 Register Addreulng: 
I : -rof : 8TI 


I : : >+< : : II : : d+~tidd'+S 


direct 


c.) Register-indirect 
Addressing: 
I : : +c+ : : IJ 


d.) Immediate Addressing' 
I::>+.: : : IC: 
: : : I 


The above examples all demonstrated 
the use of the four 
data-addressing 
modes 
in 
two-operand 
instructions 
(MOV. 
ADD) 
which 
use 
the 
accumulator 
as 
one 
operand. 
The operations 
ADDC 
SUBB. ANL. 
ORL. 


and XRL (all to be discussed later) could be substituted 
for ADD in each example. 
The first three modes may be 
also be used for the XCH operation 
or. in combination 
with the Immediate 
Addressing 
mode (and an additional 
byte). 
loaded 
with 
a 
constant. 
The 
one-operand 
instructions 
INC and DEC 
DJNZ. 
and CJNE 
may all 
operate on the accumulator. 
or may specify the Register. 
Direct. 
and 
Register-indirect 
addressing 
modes. 
Exception: 
as 
in 
the 
8048. 
DJNZ 
cannot 
use 
the 
accumulator 
or indirect 
addressing. 
(The 
PUS Hand 
POP 
operations 
cannot 
inherently 
address 
the 
accumulator 
as a special 
register 
either. 
However. 
all 
three can direclh address 
the accumulator 
as one of the 
twenty special-function 
registers by putting 
the symbol 
"ACe in the operand field.) 


l.ikc 
most 
assembly 
or 
higher-level 
programming 
languages. 
ASM51 allows instructions 
or variables to be 
giv'cn appropriate. 
user-defined 
symbolic names. This is 
done for instruction 
lines by putting a label followed bv a 
colon (":") before the instruction 
proper. as in the ab;ve 
examples. 
Such symbols 
must start 
with an alphabetic 
character 
(remember 
what 
distinguished 
BACH 
from 
()BACH"). and may inelude any combination 
of letters. 
numbers. question marks (''''') and underscores ("_"). For 
very long names only the first J I characters are rclevant. 


Assembly language 
programs 
may intermix 
upper- and 
lower-case 
letters arbitrarily. 
but ASM51 converts 
both 
to 
upper-case. 
For 
example. 
ASM51 
will 
internallv 
process an "I" for an "i" and. of course. "A_TOOTH" 
f';r 
"a_tooth," 


The underscore 
character 
makes symbols easier to read 
and can eliminate 
potential ambiguity 
(as in the label for 
a 
subroutine 
to 
switch 
two 
entires 
on 
a 
stack. 
"S_EXCHANGE"). 
The underscore 
is significant. 
and 


would distinguish 
between otherwise-identical 
character 
strings. 


AS M51 allows all variables 
(registers. ports. internal 
or 
external 
RAM addresses. 
constants. 
etc.) to be assigned 
lanels according 
to these rules with the EQUate or SET 


directives. 


Example 
8 
Symbolic 
Addressing 
of Variables 
Defined as RAM 
Locations 


Notice from Table 4that the MCS-51'· 
instruction 
set has 
relatively few instruction 
mnemonics 
(abbreviations) 
for 
the programmer 
to memorize. 
Different 
data 
types or 
ad<1ressing 
modes 
are 
determined 
.by 
the 
operands 
specified. 
rather 
than variations 
on the mnemonic. 
For 
eX3mple. the mnemonic 
"MOV" 
is used by 18 different 
instructions 
to operate on three data types (bit. byte. and 
address). 
The fifteen versions which move byte variables 
between 
the logical address 
spaces are diagrammed 
in 
Figure 
IJ. Each arrow 
shows the direction 
of transfer 
from source to destination. 


Notice also that for most instructions 
allowing 
register 
addressing 
there 
is a corresponding 
direct 
addressing 
instruction 
.and vice versa. 
This lets the 
programmer 
begin writing 8051 programs 
as if (s)he has access to 128 
different 
registers. When the program 
has evolved to the 
point where the programmer 
has a fairlv accurate 
idea 
how often each variable is used. he she ';'ay allocate the 
working 
registers 
in each bank to the most "popular" 
v·ariables. (The assembly cross-reference 
option will show 
exactly how often and where each symbol is referenced.) 
If symbolic 
addressing 
is used 
in writing 
the source 
program 
only the lines containing 
the symbol definition 
will need to be changed: 
the assembler 
will produce 
the 
appropriate 
instructions 
eV'en though 
the 
rest of the 
program 
is left untouched. 
Editing onJy the first two lines 
of Example 
8 will shrink 
the six-byte 
code 
segment 
produced 
in half. 


How are 
instruction 
sets 
"counted"? 
There 
is 
no standard 
practice; 
different 
people 
assess- 
ing the same 
CPU using 
different 
conventions 
may arrive 
at different 
totals. 


Each operation 
is then broken 
down according 
to the 
different 
addressing 
modes 
(or com- 
binations 
of addressing 
modes) 
it can accom- 
modate. 
The "CLR" mnemonic 
is used 
by two 
instructions 
with respect 
to bit variables 
("CLR 
C" and 
"CLR 
bit") 
and 
once 
("CLR 
A") with 
regards 
to bytes. 
This expansion 
yields the 111 
separate 
instructions 
of Table 
4. 


The method 
used 
for the MCS-51" 
instruction 
set 
first 
breaks 
it down 
into 
"operations": 
a 
basic 
function 
applied 
to a single 
data type. For 
example. 
the four versions 
of the ADD instruc- 
tion 
are 
grouped 
to 
form 
one 
operation 
- 
addition 
of eight-bit 
variables. 
The six forms of 
the ANL instruction 
for byte variables 
make 
up 
a different 
operation; 
the 
two 
forms 
of ANL 
which 
operate 
on 
bits 
are 
considered 
still 
another. 
The MOV mnemonic 
is used 
by three 
different 
operation 
classes. 
depending 
on 
whether 
bit, byte. or 16-bit values 
are affected. 
Using 
this 
terminology 
the 8051 can perform 
51 different 
operations. 


9- 
Redeclaring 
Example 
8 Symbols 
as 
Registers 


Arithmetic Instruction Usage - 
ADD, ADDe, 
SUBB 
and DA 


The 
ADD 
instruction 
adds 
a byte variable 
with the 


accumulator. 
leaving the result in the accumulator. 
The 
carry 
nag is set if there is an overnow 
from bit 7 and 


cleared 
otherwise. 
The AC flag is set to the carry-out 


from bit J for use by the DA instruction 
described later. 


ADDC 
adds the previous contents 
of the carry flag with 


the two byte variables. but otherwise is the same as ADD. 


The SUBB (subtract 
with borrow) instruction 
subtracts 


the byte variable 
indicated 
and the contents 
of the carry 
flag together 
from the accumulator. 
and puts the result 


back 
in the 
accumulator. 
The carry 
flag serves as a 
"Borrow 
Required" 
flag during subtraction 
operations: 
when a greater value is subtracted 
from a lesser value (as 
in subtracting 
5 from 
I) requiring 
a borrow 
into the 
highest 
order 
bit. the carry 
flag is set: otherwise 
it is 


cleared. 


When 
performing 
signed 
binary 
arithmetic. 
certain 


combinations 
of 
input 
variables 
can 
produce 
results 
which 
seem to violate 
the Laws of Mathematics. 
For 


example. 
add.ing 7FH (127) to itself produces 
a sum of 


OFEH. which is the two's complement 
representation 
of 


-2 (refer back to Table 2)' In "normal" 
arithmetic. 
two 
positive values can't have a negative sum. Similarly. 
it js 
normally 
impossible 
to subtract 
a positive value from a 


negative value and leave a positive result 
but in two's 
complement 
there 
are 
instances 
where 
this 
too 
may 


happen. 
Fundamentally. 
such anomolies 
occur when the 
magnitude 
of the resulting value is too great to "fit" into 
the seven bits allowed 
for it: there is no one-byte 
two's 
complement 
representation 
for 254. the true sum of 127 


and 
127. 


The MCS-51" 
processors detect whether these situations 


occur and indicate such errors with the OV nag. (OV may 
be tested with the conditional 
jump instructions 
J Band 


JNB. described 
under the Boolean 
Processor 
chapter.) 


At a hardware 
level. OV is set if there is a carry out of bit 6 


but not out of bit 7. or a carry out of bit 7 but not out of 
bit 
6. When 
adding 
signed 
integers 
this 
indicates 
a 


negative 
number 
produced 
as the sum of two positive 
operands. 
or a positive sum from two negative operands: 
on SU BB this indicates a negative result after subtracting 
a negative number from a positive number. or a positive 
result 
when 
a positive 
number 
is subtracted 
from 
a 


negative number. 


The 
ADDC 
and 
SUBB 
instructions 
incorporate 
the 


previous state of the carry (borrow) flag to allow multiple 
precision 
calculations 
by repeating 
the operation 
with 


successively 
higher-order 
operand 
bytes. In either case. 


the carry must be cleared before the first iteration. 


If the input data for a multiple precision operation 
is an 


unsigned 
string of integers. 
upon completion 
the carry 


flag will be set if an overflow (for ADDC) 
or underflow 


(for SUBB) occurs. 
With two's complement 
signed data 


(i.e.. if the most significant 
bit of the original input data 


indicates the sign of the string). the overflow flag will be 
set if overnow 
or underflow 
occurred. 


Example 
10-String 
Subtraction 
with Signed Overflow 


Detection 


,SV8STR 
SUBTR •••.CT 
STRINQ 
INDICATED 
BV 
RI 


FFtOP'l 
STRINQ 
INDICATED 
BY 
AO 
TO 


PRECISION 
INDICATED 
BY 
R2 


CHEC'" 
FOR 
SIQI'EO 
UNDERFLOW 
IoIHEN 
()()N"E 


SUBSTR 
CLR 
SUBS1 
"OV 
SUBS 
"OV 
INC 


'NC 
O,JNl 


OV_OK 
Rn 


C 
A. _AQ 
,"" _R 1 
,SUBTRACT 
NEXT 
PL •••CE 


.rw.A 
RO 
,BUMP 
POINTERS 
R' 
R;!, SUBSI 
,LOOP 
AS 
NEEDED 
WHEN 
DONE. 
TEST 
IF 
OVERFLOW 
OCCUAEO 


ON 
LAST 
ITERATION 
OF 
LOOP 
ov, OV_Otl. 


IOVERFLOW 
RECOVERY 
ROUT 
INE 
1 


, RfTURN 


Decimal addition 
is possible by using the DA instruction 
in conjunction 
with ADD and 
or ADDC. 
The eight-bit 


binary value in the accumulator 
resulting from an earlier 
addition 
of two variables (each a packed BCD digit-pair) 


is adjusted to form two BCD digits offour 
bits each. If the 
contents 
of accumulator 
bits 3-0 are. greater 
than 
nine 
(xxxx 10lo-xxxx 1111). or if the AC flag had been set. six 
is added to the accumulator 
producing 
the proper 
BCD 


digit in the low-order 
nibble. (This addition 
might itself 


set 
but would not clear - 
the carry flag.) If the carry 


flag is set. or if the four high-order 
bits now exceed nine 


(10 10xxxx-1111 xxx x). these bits are incremented 
by six. 


The carry 
flag is left set if originally 
set or if either 
addition 
of six produces 
a carry out of the highest-order 
bit. indicating 
the sum of the original two BCD variables 


is greater 
than or equal to decimal 
100. 


inter 


Example 
II - Two Byte Decimal 
Add with Registers 
and Constants 


DeOAoe 
I10V 


ADD 
DA 
""V 
""" 
ADDC 


DA 
""V 
RET 


A. R2 
A •• 
34101 


A 
R2. 
oft, 


•••• R:J 


•••• 112101 


A 
R3 .••• 


Multiplication and Division 


The 
instruction 
"M ULAB" 
multiplies 
the 
unsigned 
eight-bit 
integer values held in the accumulator 
and B- 
registers. The low-order 
byte of the sixteen-bit 
product is 
left in the accumulator, 
the higher-order 
byte in B. If the 
high-order 
eight-bits 
of the 
product 
are 
all 7ero the 
overflow 
flag 
is 
cleared: 
otherwise. 
it 
is 
set. 
The 
programmer 
can 
poll OY to determine 
when 
the 
B 
register is non-7ero 
and must be processed. 


"DIY AB" divides the unsigned 
eight-bit 
integer in the 
accumulator 
by the unsigned 
eight-bit 
integer in the B- 
register. The integer part of the quotient 
is returned in the 
accumulator; 
the remainder 
in the B-register. 
If the B- 
register originally 
contained 
DOHthen the overflow flag 
will be set to indicate 
a division 
error. 
and the values 
returned 
will be undefined. 
Otherwise 
OY is cleared. 


The divide instruction 
is also useful for purposes such as 
radix 
conversion 
or 
separating 
bit 
fields 
of 
the 
accumulator. 
A short subroutine 
can convert an eight-bit 
unsigned 
binary integer in the accumulator 
(between 0 & 
255) to a three-digit 
(two byte) BCD representation. 
The 
hundred's 
digit is returned 
in one register (HUND) 
and 
the ten's and one's digits returned 
as packed 
BCD in 
another 
(TENON E). 


Example 
12-Use 
of DIY Instruction 
for Radix 
Conversion 


. DINDea 
CONVERT 
a-SIT 
BINARY 
VARIABLE 
IN 
Ace 


TO 
3-DICIT 
PlllCI(ED 
BCD 
FORMAT 
HUNDREDS' 
PLACE 
LEFT 
IN 
VARIABLE 
'HUNO', 
TENS' 
AND 
ONES' 
PLACES 
IN 
. r~NONE' 


HUNO 
Eau 
21101 
TENONE 
EOU 
22101 


13, *100 
A. 
HUND .••• 
ol\, *10 


A ••A. 


,DIVIDE 
REMAINDER 
BY 
10 
TO 
,DETERMINE. 
OF 
TENS 
LEFT 
. TENS 
DICIT 
IN 
Ace, 
REI"lAINl>ER 
IS 
ONES 


. DIGIT 


The divide instruction 
can also separate eight bits of data 
in the accumulator 
into sub-fields. 
For example. 
packed 
BCD data may be separated 
into two nibbles by dividing 
the data by 16. leaving the high-nibble in the accumulator 
and the low-order nibble (remainder) 
in B. The two digits 
may then be operated 
on individually 
or in conjunction 
with each other. This example receives two packed BCD 


digits in the accumulator 
and returns the product 
of the 
two 
individual 
digits 
in packed 
BCD 
format 
in the 
accumulator. 


Example 
13-Implementing 
a BCD Multiply 
Using 
MPY and DIY 


DIVIDE 
INPUT 
BY 
16 


• A 
•• 
B HOLD SEPARATED 
DIGllS 
,<EACH 
RIeHl 
JUSTIFIED 
IN 
REGISTER) 


· III HOLDS 
PRODUCT 
IN 
OJ"""'R .•. 
FORMAT 
(0 
- 
,qq(DECIM"L) 
- 
0 
- 
b3Hl 


· DI ••.•lDE 
PRODUCt 
BY 
10 
A 
HOLDS. 
OF 
TENS. 
D 
HOLDS 
REI'1AINDER 
B .10 
A. 


A 
A •• 


Logical Byte Operations - 
ANL, ORL, XRL 


The 
instructions 
ANL. 
ORL. 
and 
XRL 
perform 
the 
logical functions AN D. OR. and lor Exclusive-OR 
on the 
two byte variables 
indicated. 
leaving the results 
in the 
first. No flags are affected. (A word to the wise 
- do not 
vocali7e the first two mnemonics 
in mixed company.) 


These operations 
may use all the same addressing 
modes 
as the arithmetics 
(ADD. etc.) but unlike the arithmetics. 
they are not restricted 
to operating 
on the accumulator. 


Directly addressed 
bytes may be used as the destination 
with either the accumulator 
or a constant 
as the source. 


These instructions 
are useful for clearing (ANL). setting 
(ORL). 
or complementing 
(XRL) one or more bits in a 
RAM. output 
ports. or control 
registers. The pattern 
of 
bits to be affected 
is indicated 
by a suitable 
mask byte. 


Use immediate addressing when the patter'1to 
be affected 
is 
known 
at 
assembly 
time 
(Figure 
14); use 
the 
accumulator 
versions 
when the pattern 
IS computed 
at 
run-time. 


I 0 ports are often used for parallel data in formats other 
than simple eight-bit 
bytes. For example. 
the low-order 
five bits of port 
I may output 
an alphabetic 
character 
code (hopefully) without disturbing 
bits 7-5. This can be a 
simple two-step 
process. 
First. clear the low-order 
five 
pins with an ANL instruction; 
then set those pins corres- 
ponding 
to ones 
in the accumulator. 
(This 
example 
assumes the three high-order 
bits of the accumulator 
are 
originally 
7ero.) 


Example 
14- 
Reconfiguring 
Port Size with Logical 
Byte Instructions 


~ 
__ 
O_PC_O_"' __ 
~II dlrecl 
address 
11 
m_,_,_, 
_ 
., 


Figure 14, Instruction Pattern for Logical Operation 
Special Addressing Modes 


inter 


In this example. 
low-order 
bits 
remaining 
high may 
"glitch'" low for one machine cycle. If this is undesirable. 
use a slightly 
different 
approach. 
First. 
set all pins 
corresponding 
to accumulator 
one bits. then clear the 
pins corresponding 
to zeroes in low-order 
accumulator 
bits. Not all bits will change from original to final state at 
the 
same 
instant. 
but 
no 
bit makes 
an 
intermediate 
transition. 


Example 
IS - 
Reconfiguring 
I/O Port Size without 
Glitching 


ALT_Pll 
ORL 


ORL 
.NL 


RET 


Program Control - 
Jumps, Calls, Returns 


Whereas 
the 8048 only has a singl.e form of the simple 
jump 
instruction. 
the 80S I has three. 
Each causes the 
program to unconditionally 
jump to some other address. 
They 
differ 
in how 
the 
machine 
code represents 
the 
destination 
address. 


LJ M P (Long Jump) encodes a sixteen-bit 
address in the 
second 
and 
third 
instruction 
bytes (Figure 
IS.a); the 
destination 
may be anywhere in the 64 Kilobyte program 
memory 
address 
space. 


The 
two-byte 
AJ M P 
(Absolute 
Jump) 
instruction 
encodes its destination 
using the same format as the 8048: 
addless 
bits 10 through 
8 form a three 
bit field in the 


opcode and address bits 7through 
0 form the second byte 
(Figure 
IS.b). Address bits IS-12are unchanged 
from the 
(incremented) 
contents 
of the P.c.. so AJ MP can only be 
used when the destination 
is known to be within 
the same 
2K memory block. (Otherwise 
ASM51 will point out the 


error.) 


A different 
two-byte jump 
instruction 
is legal with any 
nearby 
destination. 
regardless 
of 
memory 
block 
boundaries 
or "pages." SJM P (Short Jump) encodes the 
destination 
with a program 
counter-relative 
address 
in 
the second 
byte (Figure 
15.c). The CPU calculates 
the 


a.1 long 
Jump (LJMP addr16): 


opcode 
II 
addr15 - 
addr8 II 
addr? 
- 
addrO 


b.) Absolute Jump (AJMP addrl1): 
EB 
: +C~O 
: 11 
Odd_"_-_Od_d"'__ 


I : : >+< : : "_'_Olo",o_oH'O'_ 


Figure 15. Jump Instruction 
Machine Code 
Formats 


destination 
at run-time 
by adding 
the signed eight-bit 
displacement 
value 
to the incremented 
P.c. 
Negative 
offset values will cause jumps up to 128bytes backwards; 
positive 
values up to 127 bytes forwards. 
(SJ M P with 
DOH in the machine code offset byte will proceed with the 
following 
instruction). 


In keeping 
with the 80S I assembly 
language 
goal of 
minimizing 
the number of instruction 
mnemonics. 
there 
is a "generic" 
form 
of the 
three 
jump 
instructions. 
ASM51 
recognizes 
the mnemonic 
JMP 
as a "pseudo- 
instruction," 
translating 
it into the machine instructions 
LJMP. 
AJMP. 
or SJMP. 
depending 
on the destination 
address. 


Like SJ M P. all conditionaljump 
instructions 
use relative 
addressing. 
JZ (Jump 
if Zero) and JNZ (Jump 
if Not 
Zero) monitor the state of the accumulator 
as implied by 
their names. while JC (Jump on Carry) and JNC (Jump 
on No Carry) test whether or not the carry flag is set. All 
four are two-byte 
instructions. 
with the same format as 
Figure 15.c. JB(Jump 
on Bit). JNB(Jump 
on No Bit) and 
J BC (Jump on Bit then Clear Bit) can test any status bit 
or input pin with a three byte instruction; 
the second byte 
specifies which bit to test and the third gives the relative 
offset value. 


There 
are 
two 
subroutine-call 
instructions. 
LCALL 
(Long 
Call) 
and 
ACALL 
(Absolute 
Call). 
Each 
increments 
the 
P.c. 
to the first byte of the following 
instruction. 
then pushes it onto the stack (low byte first). 
Saving both bytes increments 
the stack pointer 
by two. 
The subroutine's 
starting 
address is encoded in the same 
ways as LJ M P and AJ M P. The generic form of the call 
operation 
is the mnemonic 
CALL. 
which ASMSI 
will 
translate 
into LC ALL or AC A LL as appropriate. 


The return instruction 
RET pops the high- and low-order 
bytes of the program counter successively from the stack. 
decrementing 
the 
stack 
pointer 
by 
two. 
Program 
execution 
continues at the address previously pushed: the 
first byte of the instruction 
immediately 
following 
the 
call. 


When 
an interrupt 
request 
is recognized 
by the 8051 
hardware. 
two 
things 
happen. 
Program 
control 
is 
automatically 
"vectored" 
to one of the interrupt 
service 
routine 
starting 
addresses 
by. in effect. forcing the CPU 
to process 
an· LCALL 
instead 
of the next instruction. 
This automatically 
stores the return address on the stack. 
(Unlike the 8048. no status information 
is automatically 
saved.) 


Secondly. 
the interrupt 
logic is disabled from accepting 
any other 
interrupts 
from the same or lower priority. 
After completing 
the interrupt 
service routine. executing 
an RETI (Return 
from Interrupt) 
instruction 
will return 
execution 
to the point where the background 
program 
was interrupted 
- 
just like RET - 
while restoring the 
interrupt 
logic to its previous state. 


• 


inter 


Operate-and-branch instructions - 
CJNE, DJNZ 


Two groups 
of instructions 
combine 
a byte operation 
with a conditional 
jump 
based on the results. 


CJNE (Compare 
and Jump if Not Equal) compares two 
byte operands 
and executes a jump if they disagree. The 
carry flag is set following the rules for subtraction: 
if the 
unsigned 
integer value of the first operand 
is less than 
that 
of the 
second 
it is set; otherwise. 
it is cleared. 
However. 
neither operand 
is modified. 


The 
C.INE 
instruction 
provides. 
in 
effect. 
a 
one- 
instruction 
"case" 
statement. 
This instruction 
may be 
executed 
repeatedly. 
comparing 
the code variable to a list 
of "special case" value: the code segment following 
the 
instruction 
(up to the destination 
label) will be executed 
only if the operands 
match. Comparing 
the accumulator 
or a register to a series of constants 
is a convenient 
way to 
check for special handling or error conditions; 
if none of 
the cases match the program will continue with "normal" 
processing. 


A typical 
example 
might 
be a ",ord 
processing 
device 
",hich receives ASCII characters 
through 
the serial port 
and 
drives 
a thermal 
hard-copy 
printer. 
A standard 
routine 
translates 
"printing" 
characters 
to bit patterns. 
but control 
characters 
«DEL>. 
<CR>. <I.F>. 
<BEL>. 


<ESC>. 
or <SP» 
must invoke corresponding 
special 
routines. 
Any other character 
with an ASCII 
code less 
than 
20H should 
be translated 
into the<NUL>value. 
OOH. and processed 
",ith the printing 
characters. 


Example 
16-Case 
Statements 
Using CJNE 


CJNE 


RET 


1 NT'" -. 
CJNE 


RET 
{NTP _:<' 
CJNE 


RET 
tNTP -J 
CJNE 


RET 
INTP -. 
CJNE 


RET 
IHTP 
_:) 
CJNE 


RET 


INTP 
_b 
oe 
MoV 


PRINTC 


PRINTC 
,JVP'!P 
IF 
COCE 
» 
;;;'OH 


CHAR 
.• 
O 
. REPLACE 
CONTROL 
CHARACTERS 
WITH 


. 
NVLL 
CODE 
PROCESS 
STANDARD 
PHINTIN~ 


• 
CHARACTER 


DJNZ 
(Decrement 
and Jump 
if Not Zero) decrements 
the register or dircct address 
indicated 
and jumps 
if the 
result 
is not 
lero. 
without 
affecting 
any 
flags. 
This 
provides a simple means for executing a program 
loop a 
given number 
of times. or for adding 
a moderate 
time 
delay 
(from 
2 to 
512 machine 
cycles) 
",ith 
a single 
instruction. 
For example. 
a 99-usec. software delay loop 
can be added 
to code forcing an I 0 pin low with only 
two instructions. 


Example 
17-lnserting 
d Software 
Delay with DJNZ 


CLA 
IoIR 
/"to.... 
R2 .• "q 
O,JNZ 
R2 
• 


SETB 
lolR 


The dollar 
sign in this example 
is a special 
character 
meaning "the address 
of this instruction." 
It is useful in 
eliminating 
instruction 
labels on the same or adjacent 
source 
lines. 
CJNE 
and 
DJNZ 
(like all .conditional 
jumps) 
use program-counter 
relative addressing 
for the 
destination 
address. 


Stack Operations - 
PUSH, POP 


The PUSH 
instruction 
increments 
the stack pointer 
by 
one. then transfers the contents of the single byte variable 
indicated 
(direct addressing 
only) int.o the internal 
RAM 
location 
addressed 
by the 
stack 
pointer. 
Conversely. 
POP copies the contents 
of the internal 
RAM location 
addressed 
by the 
stack 
pointer 
to the 
byte variable 
indicated. 
then decrements 
the stack pointer 
by one. 


(Stack Addressing 
follows the same rules. and addresscs 
the same locations 
as Register-indirect. 
Future 
micro- 
computers 
based on the MCS-51 ,. CPU could have up to 
256 bytes of RAM for the stack.) 


Interrupt 
service routines 
must not change any variable 
or hardware 
registers modified 
by the main program. 
or 
else the 
program 
may 
not 
resume 
correctly. 
(Such 
a 
change 
might 
look like a spontaneous 
random 
error.) 
Resources 
used 
or 
altered 
by 
the 
service 
routine 
(Accumulator. 
PSW. etc.) must be saved and restored to 
their 
prev ious value before 
returning 
from the sernce 
routine. 
PUSH 
and 
POP 
provide 
an 
efficient 
and 
convenient 
\\ay 
to ~a\'e reg.i~ter states 
on the stack. 


Example 
18- 
Use of the Stack for Status 
Saving on 
Interrupts 


ORC 
LOC 
r/'F 
. RESTORE 
LOCATION 
COUNTER 
PUSH 
PSW- 


PUSH 
Ace 
• SA ••.•E 
ACClmULATOR 
CHOlE 
DIRECT 
,t,ODRESSINC 


NOT""T 
ION 
I 


PUSH 
a 
. SAVE 
B 
REG I STER 
PUSH 
DPL 
• SAVE 
DATA 
POINTER 
PUSH 
OPH 
MOV 
psw .• 
000010009 
,SELECT 
REG I S TER 
[3ANI( 
I 


RESTORE 
PSw 
AND 
RE-SELECT 
ORIGINAL 
REGISTER 
SANK 


. RETURN 
TO 
"AIN 
PROGRA" 
AND 
ReSTORE 


INTERRUPT 
LOGIC 


If the 
SP 
register 
held 
II- H when 
the interrupt 
\\as 
detected. 
then \\ hile the sen ice routine 
was in progress 
the stack would hold the registers sho\\ n in Figure 16:SP 
\\ould 
contain 
26H. 


The example 
shows the most general 
situation: 
if the 
service 
routine 
doesn't 
alter 
the 
B-register 
and 
data 
pointer. 
for 
example. 
the 
instructions 
sa,ing 
and 
restoring 
those registers would not be necessary. 


The 
stack 
may 
also 
pass 
parameters 
to 
and 
from 
subroutines. 
The subroutine 
can indirectly 
address 
the 
parameters 
deri,ed 
from 
the 
contents 
of 
the 
stack 
pointer 


OPH 


OPL 
• 


ACC 


PSW 


PC (HIGH) 


PC (lOW) 


One advantage 
here is simplicity. 
Variables need not be 
allocated 
for 
specific 
parameters. 
a potentially 
large 
number 
of parameters 
ma~ 
be passed. 
and 
different 
calling 
programs 
may 
use 
different 
techniyues 
for 
determining 
or handling 
the variables. 


For 
example. 
the 
following 
subroutine 
reads 
out 
a 
parameter 
stored 
on the stack by the calling program. 
uses the low order 
bits to access a local look-up 
table 
holding 
bit patterns 
for driving the coils of a four phase 


stepper 
motor. 
and stores 
the appropriate 
bit pattern 
back in the same position 
on the stack before returning. 
The accumulator 
contents 
are left unchanged. 


Example 
19- 
Passing Variable 
Parameters 
to Sub- 
routines 
Using the Stack 


RO. 
SP 
'0 
'0 
A •• 
RD 
• READ 
INPUT 
PAR "Me. 
rER 
AND 
SAVE 


• 
ACCUf"lULATOR 


• MASK 
ALL 
BUT 
LOW -OROER 
TWO 
B 1 TS 
• ALLOW 
FDA 
OFFSET 
FROM 
Move 
TO 
TABLE 
· READ 
LO(W..-UP 
TASLE 
ENTRY 
• PASS 
SolloCIl.TRANSLATED 
VALUE 
AND 
RESTORE 


i 
Ace 


• RETVRN 
TO 
BACKGROUND 
PROGRAM 
011011118 
,POSITION 
0 


010111118 
,POSITION 
I 
100111118 
,POSITION 
2 


101011118 
,POSITION 
3 


A .• 
03H 


A •• 
2 
A •• 
A+PC 


A •• 
RD 


'ET 
STPTBL 
DB 


DB 


DB 


DB 


The background 
program may reach this subroutine 
with 
several different calling seyuenees. 
all of which PUSH a 
value before calling the routine and POP the result after. 
A motor 
on Port 
I may be initialilCd 
by placing 
the 
desired 
position 
(7ero) on the stack 
before calling the 
subroutine 
and outputing 
the results directly 
to a port 
afterwards. 


Example 
20 - 
Sending and Receiving Data Parameters 
Via the Stack 


eLR 
A 
PUSH 
Ace 


CALL 
Nll:TP05 
POP 
PI 


If the position of the motor is determined 
by the contents 
of variable 
POSM I (a byte in internal 
RAM) 
and the 
position of a second motor on Port 2 is determined 
by the 
data 
input 
to the low-order 
nibble 
of Port 
2. a six- 
instruction 
seyuence could update 
them both. 


Example 
21 - 
Loading 
and Unloading 
Stack Direct 
from 
If 0 Ports 


PUSH 
P05"1 


CALL 
Nll.TPOS 
POP 
PI 
PUSH 
P2 
CALL 
NXTPOS 
POP 
P2 


Data Pointer and Table Look-up instructions - 
MOV, INC, MOVC, JMP 


The data pointer can be loaded with a l6-bit value using 
the instruction 
MOV DPTR. 
IIdatal6. 
The data used is 
stored 
in the second and third 
instruction 
bytes. high- 


order byte first. The data pointer 
is incremented 
hy INC 
DPTR. 
A l6-bit 
increment 
is performed: 
an O\'erflO\\ 
from the low byte "ill 
carry into the high-order 
hyte. 


Neither 
instruction 
affects any flags. 


The 
MOVC 
(Move 
Constant) 
instructions 
(MOVC 
A.@A+DPTR 
and 
MOVC 
A.@A+PC) 
read 
into 
the 
accumulator 
bytes of data 
from the program 
memory 
logical 
address 
space. 
Both 
use a form 
of indexed 
addressing: 
the 
former 
adds 
the 
unsigned 
eight-bit 
accumulator 
contents 
with the sixteen-bit 
data 
pointer 
register. and uses the resulting sum as the address 
from 
"hich 
the 
byte 
is fetched. 
A sixteen-hit 
addition 
is 
performed: 
a carry-out 
from the low-order eight bits ma~ 
propagate 
through 
higher-order 
bits. but the contents 
of 
the DPTR are not altered. The latter form uses the incre- 
mented 
program 
counter 
as the "base" value instead of 
the DPTR 
(figure 
17). Again. neither version affects the 
flags. 


a I 
Move 
A 
@ A 
+ PC 
(LOCAL TABLE 
lOOK-UP) 


16-BIT I PC 


~ACC 


b·l 
MOVC A @ A+ OPTR 
(GLOBAL 
TABLE 
LOOK-UP) 


16-BIT 
IOPTR 


~ACC 


c) 
JMP@ 
A+ DPTR 
(GLOBAL 
INDIRECT 
JUMP) 


16-BIT I OPTR 


~ACC 


•• 


inter 


Each 
can 
be part 
of a three 
step 
se4uence 
to access 
look- 
up 
tables 
in 
ROM. 
To 
use 
the 
DPTR-relative 
version. 
load 
the 
Data 
Pointer 
with 
the starting 
address 
of a look- 
up 
table; 
load 
the 
accumulator 
with 
(or 
compute) 
the 


index 
of 
the 
entry 
desired: 
and 
execute 
MOVC 
A.@A+DPTR. 
Unlike 
the 
similar 
MOVPJ 
instructions 


in 
the 
8048. 
the 
table 
may 
be 
located 
anywhere 
in 
program 
memory. 
The data 
pointer 
may be loaded 
with a 


constant 
for short 
tables. 
Or to allow 
more 
complicated 
data 
structures. 
or tables 
with 
more 
than 
256 entries. 
the 
values 
for 
DPH 
and 
DPL 
may 
be computed 
or modified 
with 
the 
standard 
arithmetic 
instruction 
set. 


The 
PC-relative 
version 
has 
the 
advantage 
of 
not 


affecting 
the 
data 
pointer. 
Again. 
a look-up 
se4uence 
takes 
three 
steps: 
load 
the 
accumulator 
with 
the 
index: 
compensate 
for the offset 
from 
the look-up 
instruction 
to 


the 
start 
of 
the 
table 
by 
adding 
the 
number 
of 
bytes 
separating 
them 
to 
the 
accumulator: 
then 
execute 
the 
MOVC 
A.@A+PC 
instruction. 


Let's 
look 
at a non-trivial 
situation 
where 
this instruction 


would 
be 
used. 
Some 
applications 
store 
large 
multi- 
dimensional 
look-up 
tables 
of dot 
matrix 
patterns. 
non- 


linear 
calibration 
parameters. 
and 
so on in a lincar 
(onc- 


dimensional 
I) vector 
in 
program 
memory. 
To 
retrieve 
data 
from 
the 
tables. 
variables 
representing 
matrix 


indices 
must 
be converted 
to thc desired 
entry's 
memory 
address. 
For 
a 
matrix 
of 
dimensions 
(MDIME~ 
x 
NDIMEN) 
starting 
at 
address 
BASE 
and 
respectiv'e 
indices 
INDEXI 
and 
INDEXJ. 
the 
address 
of element 
(INDEX\. 
INDEXJ) 
is determined 
by the 
formula. 


Entry 
Address 
= BASE 
+ (NDIMEN 
x INDEXI) 
+ 


INDEXJ 


The 
code 
shown 
below 
can access 
any array 
with 
less than 


255 entries 
(i.e .. an 
IIx21 
array 
with 
2JI 
clements). 
The 
table 
entries 
are 
defined 
using 
the 
Data 
Byte 
("OW') 
dire~tive. 
and 
will 
be contained 
in the 
assembly 
object 
code 
as part 
of the 
accessing 
subroutine 
itself. 


Example 
22 - 
Use 
of 
M PY and 
Data 
Pointer 
Instruc- 
tions 
to Access 
Entries 
from 
a Multi- 


dimensional 
Look-Up 
Table 
in ROM 


.MATRII 
LOAD 
CONSTANT 
READ 
FROM 
TWO 
DIMENSIONAL 
LOO~-UP 
TABLE 
IN 
PRCeRAI'! 
"EMORV 
INTO 
ACCUMULATOR 


USINQ 
LOCAL 
TADLE 
LOO••••-UP 
INSTRUCllON 
Move 
A. ~A.P( 


THE 
TOTAL 
NUMBER 
OF 
TADLE 
ENTRIES 
IS 
ASSUr1EO 
TO 


BE 
SMALL. 
I 
E 
LESS 
THAN 
ABOUT 
250 
ENfA 
1£5 
} 


T"SL£ 
USED 
tN 
THIS 
Ell"',.,PLE 
IS 
( 
11 
X 21 
) 


DESIRED 
ENTRY 
ADDRESS 
IS 
CIVEN 
BY 
THE 
FORI1UL •••• 
C 
(BASe: 
AODRESS) 
+ 
(21 
.ll 
INDEX} 
I 
+ 
C INOEll,J) 
) 


"ATRXI 
MQV 
A. 
INDEX! 
/"lOV 
B. _21 
"IA. 
A' 
ADD 
•••• IHOElC 
•.• 
"LLO\.l 
FOR 
INSTRUCTION 
8YTE 
BETIoIEEN 


ENTRY 
lO,O) 
INe 
••• 
Move 
A, .A+PC 


REf 
08 
• tt'ntro,l 
0, 
OJ 


09 
• tt'nt,"" 
O. t I 


There 
are 
several 
different 
means 
for 
branching 
to 


sections 
of code 
determined 
or selected 
at run time. 
(The 


single 
destination 
addresses 
incorporated 
into 
conditional 
and 
unconditional 
jumps 
are. 
of 
course. 


determined 
at assembly 
time). 
Each 
has 
advantages 
for 
different 
applications. 


The 
most 
common 
is an 
~-way 
conditional 
jump 
based 


on 
some 
variable. 
with 
all of the 
potential 
destinations 
known 
at 
assembly 
time. 
One 
of 
a 
number 
of 
small 


routines 
is selected 
according 
to 
the 
valuc 
of an 
indcx 


variable 
determined 
while 
the 
program 
is running. 
Tbe 
most 
efficient 
way 
to 
sol\e 
this 
problem 
is with 
the 


MOVC 
and 
an 
indirect 
jump 
instruction. 
using 
a short 


table 
of one 
byte 
offset 
values 
in ROM 
to indicate 
the 
relative 
starting 
addresses 
of the 
se\eral 
routines. 


JMP 
@A+DPTR 
is an 
instruction 
which 
pcrforms 
an 


indirect 
jump 
to an address 
determined 
during 
program 
execution. 
The 
instruction 
adds 
the 
eight-bit 
unsigned 


accumulator 
contents 
with 
the contents 
of tbe sixteen-bit 
data 
pointer. 
just 
like 
MOVC 
A.@A+DPTR. 
The 
resulting 
sum 
is loaded 
into 
tbe 
program 
counter 
and 
is 
used 
as the 
address 
for 
subse4uent 
instruction 
fetches. 
Again. 
a sixteen-bit 
addition 
is pcrformed: 
a carry 
out 
from 
tbe low-order 
eight 
bits may 
propagatc 
through 
tbe 
bigher-order 
bits. 
In this 
case. 
neither 
the 
accumulator 
contents 
nor 
the 
data 
pointer 
is altered. 


The example 
subroutine 
below 
reads 
a b~ te of RA Minto 
tbe 
accumulator 
from 
one 
of 
four 
alternate 
address 
spaces. 
as 
selected 
b~ 
the 
contents 
of 
the 
\ a ria ble 
MEMSEI.. 
The 
address 
of 
tbe 
byte 
to 
bc 
read 
is 


determined 
by the contents 
of RO (and 
optionallv 
R I). It 
might 
find 
use in a printing 
terminal 
application. 
\\ here 


four 
different 
model 
printers 
all use thc same 
ROM 
code 


but 
use 
different 
typcs 
and 
siles 
of buffer 
memor~ 
for 


different 
speeds 
and 
options. 


Example 
23 
N-Way 
Branch 
and 
Computed 
Jump 
Instructions 
via JMP 
@ ADPTR 


JUMP_4 
"DV 
A.I'1EI"lSEL 
MOV 
OPfA, 
.JMPTBL 
Move 
A. I!"'+OPTR 


,JI1P 
.,.,+DPTR 
j/1PTBL 
DB 
I"IEMSFO-JI'lPTBL 


DB 
I1E"'SP l-..Jf'lPTBL 
DB 
I"lEI'1SF2-,Jt1PTBL 
DB 
t1EMSFJ-Jf'!PTBL 
r1EI'ISPO 
MOV 
A. eRO 
• READ 
FROM 
INTERNAL 
AA" 


REf 
MEI'15P 1 
MOVl 
,READ 
FADM 
2:5b 
BVTES 
OF 
EXTERNAL 
RAM 


RET 
I"lEI"lSP2 
MOV 
CPL, 
RO 


I1OVDPH,RI 
I10Vll 
A. tDPTR 
,READ 
FFlOl"l 
b4K 
BytES 
OF" 
EXTERNAL 
R,t,M 


RET 
I10V 
A. RI 
ANL 
A •• 07M 
ANL 
Pl.*11111000n 
PAL 
PI, 
A 
MOVll 
A, .RQ 
• READ 
FROM 
41( 
BVTES 
OF 
EJrTERNAL 
~A/"l 
Rn 


Note 
that 
tbis 
approacb 
is suitable 
whenever 
the si/c 
of 
jump 
table 
plus 
the length 
of the alternate 
routines 
is less 
than 
256 
bytes. 
The 
jump 
table 
and 
routines 
may 
be 
located 
anywhere 
in program 
memory. 
independcnt 
of 
256-byte 
program 
memory 
pages. 


inter 


For applications 
",here up to 12Kdestinations 
must be 
selected. 
all of ",hich 
reside 
in the same 
2K page of 
program 
memory which may be reached by the two-byte 


absolute jump instructions. 
the following technique 
may 


be 
used. 
In the 
above 
mentioned 
printing 
terminal 


cxample. 
this sequence could "parse" 
12Kdifferent codes 
for ASCII characters 
arriving via the KOSIserial port. 


Example 
24 - 
-Way Branch with 128 Optional 
Destinations 


OPTION 
EGU 


JI1Pl28 
"OV 
RL 


"OV 
""" 
INSTBL 
"""" 
AJ"P 
"""" 


jIo.,,"p 
IllJ"P 


A. OPTION 
" 
OPTR.IlINSTBL 
'''''·OF-fR 


The 
destinations 
in 
the 
jump 
table 
(PROCOO- 
PROC7F) 
are not all necessarily unique routines. A large 
number 
of special control codes could each be processed 
",ith 
their 
own 
unique 
routine. 
with 
the 
remaining 


printing 
characters 
all causing a branch 
to a common 
routine 
for entcring 
the character 
into the output queue. 


In those 
rare 
situations 
where 
even 
12K options 
are 


insufficient. 
or where the destination 
routines may cross a 
2K page boundary. 
the above approach 
may be modified 


slightly as sho",n 
below. 


Example 
25 - 
256- Way Branch 
Using Address 
Look- 


Up Tables 


MOV 
OPlR. 
"ADRTBL 
,FIRST 
ENTRY 
IN 
TABLE 
OF 
ADDRESSES 


/'101,1 
A. OPT ION 


(LR 
C 


RLe 
'" 
,MUL TIPLV 
OY 2 
FOR 
2 
DYTl:. 
JUMP 
fAilLE 


JNC 
LO\.lI28 


INe 
DPH 
1'101,1 
RTE"" 
, A 
• SAVE 
Ace 
FOR 
HIGH 
BYTE 
READ 
Move 
A. t"'.OPTR 
,READ 
LOW 
BYTE 
FROI'l 
JUMP 
lADLE 
ICH. 
A. RTEf1fl 
INe 
••• 


Move 
A. tA.DPTR 
,GET 
LOW-ORDER 
BYTE 
FROI"I 
TABLE 
PUSH 
"'CC 


HOV 
A. RTEMP 


Move 
A. tA+DPTR 
. GET 
HIGH-ORDER 
BYTe 
FRO" 
TABLE 
PUSM 
Ace 
THE 
T,",o 
Ace 
PUSHES 
HAVE 
PRODUCED 


A 
"RETURN 
ADDRESS" 
ON 
THE 
STACK 
IJHICH 
CORRESPONDS 


TO 
THE 
DESIRED 
$r"RTlNQ 
ADDRESS 
IT 
MAY 
BE 
REACHED 
BY 
POPPING 
THE 
STACK 


INTO 
THE 
PC 
REf 


PRocoa 
NOP 
PROCOI 
NaP 
PROCO;'- 
Nap 
PROC7E 
Nap 
PROC7F 
Nap 
PRaCFF 
Nap 


4. BOOLEAN PROCESSING 
INSTRUCTIONS 


The commonly 
acccpted 
terms for tasks at either end of 


the computational 
vs. control application 
spectrum 
are. 


respectively. 
"number-crunching" 
and 
"bit-banging". 


Prior to the introduction 
of the MCS-51'· 
family. nice 


number-crunchers 
made bad bit-bangers 
and vice versa. 
The 
KOSI is 
the 
industry's 
first 
single-chip 
micro- 


computer 
designed to crunch and bang. (In some circles. 


the latter technique 
is also referred to as "bit-twiddling". 
Eit her is correct.) 


Direct Bit Addressing 


A number 
of instructions 
operate 
on Boolean (one-bit) 
variables. 
using a direct bit addressing 
mode comparable 


to direct byte addressing. 
An additional 
byte appended 
to 


the opcode 
specifies the Boolean 
variable. 
I 0 pin. or 
control 
bit used. The state of any of these bits may be 


tested for "true" 
or "false" with the conditional 
branch 
instructions 
JB (Jump 
on Bit) and J 
B (Jump 
on Not 


Bit). The 
,JBC (Jump 
on 
Bit and 
Clear) 
instruction 


combines 
a test-for-true 
with an unconditional 
clear. 


As in direct 
byte addressing. 
bit 7 of the address 
byte 
switches 
between 
two physical 
address 
spaces. 
Values 


between 
0 and 
127 (00H-7FH) 
define 
bits in internal 
RA M locations 
20H to 2FH (Figure 
18a); address bytes 


between 
12Kand 255 (80H-OFFH) 
define bits in the 2 x 
"special-function" 
register address space (Figure 
IKb). If 


no 2 x "special-function" 
register 
corrcsponds 
to the 


direct 
bit address 
used thc result of the instruction 
is 


undefined. 


Bits so addressed 
have many wondrow, 
properties. 
They 
may be set. cleared. or complemented 
with the two byte 
instructions 
SETB. CLR. or CPL. Bits may be moved to 


and from the carry nag with MOV. The logical ANL and 
ORL functions 
may be performed 
between the carry and 
either the addressed 
bit or its complement. 


The 
"MOV" 
mnemonic 
can 
be 
used 
to 
load 
an 
addressable 
bit into the carry nag ("MOV c. bit") or to 
copy the state of the carry to such a bit ("MOV bit. C"). 
These instructions 
are often used for implementing 
serial 


I 0 algorithms 
via software or to adapt the standard 
I 0 


port structure. 


It is sometimes desirable to "re-arrangc" 
the order of I 0 


pins 
because 
of considerations 
in laying 
out 
printed 
circuit 
boards. 
When 
interfacing 
the 
8051 
to 
an 


immediately 
adjacent 
device with "weighted" 
input pins. 
such as keyboard 
column 
decoder. 
the corresponding 
pins are likely to be not aligned (Figure 
19). 


There is a trade-off 
in "scrambling" 
the interconnections 
with either 
interwoven 
circuit 
board 
traces or through 
software. 
This 
is 
extremely 
cumbersome 
(if 
not 


impossible) 
to 
do 
with 
byte-oriented 
computer 


architectures. 
The 
8051's 
unique 
set 
of 
Boolean 


instructions 
makes 
it simple 
to move individual 
bits 


between arbitrary 
locations. 


• 


:.....r 
a.} RAM BIt AddNeeM. 


RA" 
BYTE 
(LSB) 
1 


b.) H.rdw.r. Regl,te, 
Bit Add," 
•• ,. 


Di_ 
81t Addres ••• 
H.rdw.,.. 


B", 
(•• SB) 
(lSB) 
Re9,ter 
.•.•.... 
Symbol 


OFfH 


OFOH 
F7 
FO 


DEOH 
E7 
EO 
ACC 


ODOH 
07 
DO 
PSW 


088H 
B8 
IP 


OBOH 
B7 
BO 
P3 


DASH 
AF 
A8 
IE 


OAOH 
A7 
AD 
P2 


98H 
IF 
98 
SCON 


90H 
07 
•• 
PI 


88H 
8F 
88 
TeON 


SOH 
87 
•• 
PO 


(....) 
1 


7F 
7E 
7D 
7C 
7B 
7A 
79 
78 


77 
78 
75 
74 
73 
n 
71 
70 


8F 
•• 
8D 
8C 
•• 
SA 
80 
88 


87 
88 
•• 
•• 
83 
.2 
51 
50 


Sf 
SO 
"" 
5C 
58 
SA 
•• 
sa 


57 
sa 
55 
54 
53 
52 
51 
SO 


4F 
•• 
40 
4C 
•• 
4A 
40 
•• 


47 
•• 
•• 
•• 
43 
42 
41 
•• 


3F 
3E 
3D 
3C 
3B 
3A 
39 
38 


37 
31 
3S 
34 
33 
32 
31 
30 


2F 
2E 
2D 
2C 
2B 
2A 
29 
28 


27 
29 
25 
24 
23 
22 
21 
20 


lF 
IE 
10 
lC 
lB 
lA 
10 
18 


17 
,. 
15 
14 
13 
12 
11 
10 


OF 
DE 
DO 
DC 
DB 
OA 
•• 
08 


07 
OS 
OS 
•• 
03 
02 
01 
00 


Bank 3 


Slink 2 


e.nk 1 


S.nk 
0 


ALE 


PSEN 


P2.7 


(LSB) 
AD 
P2.6 


8351 
P2.5 
Al 


'751 


P2.4 
A2 
DECODER 


P2.3 
A3 


P2.2 
A4 
(MSS) 


P2.1 


P2.0 


Figure 
19. "Mismatch" 
Between 
I/O 
port 
Decoder 


001_1"1 
RRC 
"OV 
RRC 


"OV 
RRC 
MOV 
RRC 


"OV 
RRC 
"OV 
RET 


· 
P2 
b. C· 


1"2 
,. 
C· 


1"2 
4. 
C· 
1"2 
3. C· 
P;! 2. C 


• t10VE 
ORIQINAL 
Ace 
0 
INTO 
CV 
.STORE 
CARRV 
TO 
PIN 
P2b 
.I'1oVE 
ORIGINAL 
Ace 
1 
INTO 
CY 


• STORE 
CARRY 
TO 
PIN 
1";>:5 


.I1OV£ 
ORIQJNAL 
Ace 
2 
INTO 
CV 
• STORE 
CARRY 
TO 
PIN 
1"24 


• t1QVE ORIGINAL 
Ace 
.3 
INTO 
CV 
• STORE 
CARRY 
TO 
PIN 
1"23 
. 


.,..oVE 
ORIGINAL 
Ace 
•• 
INTO 
CV 


• StORE 
CARRV 
TO 
PIN 
1"22 


Virtually 
all hardware 
designers 
are familiar 
with the 


rroblem 
of 
sol\ing 
comrlex 
functions 
using 
combinatorial 
logic. The technologies 
invol\ed 
may vary 
greatly. from multirle 
contact 
relay logic. \'acuum tubes. 


TTL. or CMOS to more esoteric arrroaches 
like nuidics. 


but 
in each 
casc 
the 
goal 
is the 
same: 
a 
Boolean 
and 
(true 
false) 
function 
is comruted 
on 
a 
number 
of 


Boolean \ariables. 


intJ 


Figure 
20 
shows 
the· 
logic 
diagram 
for 
an 
arbitrary 
function 
of 
six 
variables 
named 
U 
through 
Z 
using 
standard 
logic 
and 
relay 
logic 
symbols. 
Each 
is a solution 


of the 
e4uation. 


(While 
this 
e4uation 
could 
be reduced 
using 
Kamaugh 
Maps 
or algebraic 
techni4ues. 
that 
is not 
the 
purpose 
of 


this 
example. 
Even 
a 
minor 
change 
to 
the 
function 
c4uation 
would 
re4uire 
re-reducing 
from 
scratch.) 


Most 
digital 
computers 
can 
solve 
e4uations 
of this 
type 
with 
standard 
word-wide 
logical 
instructions 
and 
conditional 
jumps. 
Still. 
such 
software 
solutions 
seem 
somewhat 
sloppy 
because 
of the many 
paths 
through 
the 
program 
thc 
computation 
can 
take. 


Assume 
U and 
V are 
input 
pins 
being 
read 
by different 


input 
ports. 
Wand 
X are 
st,llUS 
bits 
for two 
peripheral 


controllers 
(read 
as 
J 0 ports). 
and 
Y and 
Z are software 
l1ags set or cleared 
earlier 
in the program. 
The end 
result 


must 
be wrillen 
to an 
output 
pin 
on 
some 
third 
port. 


For 
the 
sake 
of 
comparison 
we 
will 
implement 
this 
function 
with 
software 
drawn 
from 
three 
proper 
subsets 
of 
the 
MCS-51 
,. 
instruction 
set. 
The 
first 
two 


implementations 
follow 
the 
flow 
ehart 
shown 
in Figure 
11. Program 
flow 
would 
embark 
on a route 
down 
a test- 
and-braneh 
tree 
and 
leaves 
either 
the 
"True" 
or 
"Not 
rruc" 
exit 
ASAP. 
Thcse 
exits 
then 
write 
the output 
port 
with the data 
pres iously 
wrillen 
to the same 
port 
with the 


rc~ult 
hit rc~recti\'ely 
one or lero. 


In the first casco we assume 
there are no instructions 
for 


addrcssing 
indis idual 
bits other 
than 
speciall1ags 
like the 


carrs. 
This 
is typical 
of many 
older 
microprocessors 
and 
mainframe 
computers 
designed 
for 
number-crunChing. 


MCS-51'· 
mnemonics 
arc 
used 
here. 
though 
for 
most 
othcr 
machines 
the 
issue 
would 
be esen 
further 
clouded 
bs 
thcir 
lISC 
of· 
operation-spccific 
mnemonics 
lik.c 


INPUT. 
OUTPUT. 
LOAD. 
STORE. 
etc .. instead 
of the 


unisersal 
MOV. 


Figure 21. Flow chart for tree-branching logic 
implementation 


• 


Example 
27 -Software 
Solution 
to Logic Function 
of 
Figure 20. Using only Byte-Wide Logical 
Instructions 


• BFUNCI 
SOLVE 
"" 
RANDOP'I 
LOQIC 
FUNCTlON 
OF" 
0 
VARIABLES 
BV 
l,.OADINQ 
AND 
","'SKJNQ 
THE 
"PPROPRJATE 


BIlS 
IN 
THE 
ACCVI'1VLAT~, 
THEN 
EXECUTING 
CONDITIONAL 


JUI'tPS 
BASED 
ON 
ZERO 
CONDITION 
(APPROACH 
USED 
BY 
BYTE-ORIENTED 
ARCHJTECTUAES 
I 


BYTE 
AND 
P\As.-. 
l,I"'lUES 
CORAESPOND 
TO 
RESPECTlIIE 


BYTE 
ADDRESS 
AND 
BIT 
POSITION 


TESTV 
I10V 
ANL 
JNZ 
NOV 


ANL 


JZ 
TESTU 
f1QV 
ANL 
JNZ 
""V 
ANL 


JZ 
NOV-- 
JZ 
TESTl 
NJV 


ANL 


JZ 
CLRG 
MOil 


ANL 
,",P 
SETQ 
r10V 
ORL 
DUTO 
I10Y 
NO' 


A,P;Z 
A._00000t008 
TESTU 
A. 
TeON 


A. 
_OOIOOOOOU 


TE5T1l 
"'.Pt 
A •• 
o00ooo 
100 


SETO 
",", TeON 
A._000010008 


TESTZ 


A. 
;/OH 
A••ס0ooooo 
I B 


SETO 
A.21H 
A, _o00ooo108 
seTO 
A.OUTBUF 
A. _111101110 


OUTO 
A. 
OUTDUF 
A ••סס oo10008 


DUTILIF'. 
A 
P3. 
A 


Cumbersome. 
to say the least. and error prone. It would 
be hard to prove the above example worked in all cases 
without 
an exhaustive 
test. 


Each 
move 
mask 
conditional 
jump 
instruction 
sequence may be replaced by a single bit-test instruction 
thanks to direct bit addressing. 
But the algorithm 
would 
be equally convoluted. 


Example 
28 - Software 
Solution 
to Logic Function 
of 
Figure 20. Using only Bit-Test 
Instructions 


.8FUNC2 
SOLVE 
A 
RANDOP'l 
L~IC 
FUNCTION 
OF 
b 


VARIABLES 
BV 
DIRECTLV 
POLLINC 
EACH 
BIT 


'APPROACH 
USJJr~ 
I'ICS-'1 
UNlGUE 
liT-TEST 
INSTRUCTION 
CAPABILITY) 


SYI1BOLS 
USED 
IN 
L~IC 
DIAQR,.,I'I 
ASSIGNED 
TO 


CORRESPONDING 
aO'1 
BIT 
ADDRESSES 


PI 
I 
P2 
2 


TFO 
lEI 
2llH 
0 
21M 
I 
P3 
3 


TEST_II 
,)B 


JNB 
TEST 
_U 
,)B 


TEST 
_I 
JN8 
JNB 
TEST 
Z 
..INS 
curji 
CLR 
,",P 


SET_Q 
SETS 
NITTST 


II. 
TEST 
U 
w. TEST::::1 
U. 
SET_Q 


I. 
TEST_Z 


Y. 
SET_Q 
Z, SliT 
Q 
o 
- 


NHTST 
o 


A more elegant and efficient 8051 implementation 
uses 
the Boolean 
ANL and ORL functions 
to generate 
the 
output 
function 
using 
straight-line 
code. 
These 
instructions 
perform 
the 
corresponding 
logical 
operations 
between 
the 
carry 
flag 
("Boolean 
Accumulator") 
and the addressed bit. leaving the result in 
the carry. Alternate 
forms of each instruction 
(specified 
in the assembly language by placing a slash before the bit 
name) use the complement 
of the bit's state as the input 
operand. 


These instructions 
may be "strung together"to 
simulate a 
multiple 
input logic gate. When finished. 
the carry flag 
contains 
the result. which may be moved directly to the 
destination 
or output 
pin. No flow chart is needed 
it is 
simple to code directly from the logic diagrams 
in Figure 
20. 


Example 
29 -Software 
Solution 
to Logic Function 
of 
Figure 20. Using the MCS-5l 
(TM) 
Unique 
Logical Instructions 
on Boolean 
Variables 


!'lOll 
C,II 


ORL 
C, 
W 
,OUTPUT 
OF 
OR 
CATE 


ANL 
C. 
U 
• OUTPUT 
OF 
TOP 
AND 
QATE 


"'Oil 
FO. 
C 
,SAllE 
INTERP1EDIATE 
STATE 
"011 
C. I 
ANL 
C./Y 
,OUTPUT 
OF 
DOTTQr1 
AND 
CATE 


ORL 
C. 
FO 
• INCLUDE 
••••M.VE 
SAIlED 
ADOIIE 


OAL 
C./Z 
• INCLUDE 
LAST 
INPUT 
IIARIABLE 
"'0\1 
Q. C 
• OUTPUT 
COl'1PUTED 
RESULT 


Simplicity 
itself. Fast. flexible. reliable. easy to design. 
and easy to debug. 


The Boolean 
features 
are useful and unIque enough 
to 
warrant 
a complete 
Application 
Note 
of their 
own. 
Additional 
uses and ideas are presented 
in Application 
Note 
AP-70. 
Using 
the 
Intel- 
MCS-51- 
Boolean 
Processing 
Capabilities. 
publication 
number 
121519. 


5. ON-CHIP PERIPHERAL FUNCTION 
OPERATION AND INTERFACING 


I/O Ports 


The 
I 0 
port 
versatility 
results 
from 
the 
"quasi- 
bidirectional" 
output 
structure 
depicted 
in Figure 
22. 
(This is effectively the structure 
of ports 
I, 2. and 3 for 
normal 
I 0 operations. 
On port 0 resistor R2 is disabled 
except 
during 
multiplexed 
bus operations. 
providing 


WRITE 
PULSE 


BUS 
CYCLE 
TIMING 


Figure 22. Pseudo-bidirectional I/O port circuitry 


AFN·01502A-30 


inter 


essentially 
open-collector 
outputs. 
For 
full 
electrical 


characteristics 
see the 
User's 
Manual.) 


An output 
latch 
bit associated 
with each 
pin is updated 
by 
direct 
addressing 
instructions 
when 
that 
port 
is 
the 


destination. 
The 
latch 
state 
is buffered 
to 
the 
outside 


'''Hid 
by 
R I and 
Q I. which 
may 
drive 
a standard 
TTL 
input. 
(In 
TTI. 
terms. 
Q I and 
R I resemble 
an 
open- 


collector 
output 
with 
a pull-up 
resistor 
to 
Vcc.) 


R2 and 
Q2 represent 
an "active 
pull-up" 
device 
enabled 
momentarily 
when 
a 0 previously 
output 
changes 
to a I. 


This 
"jerks" 
the output 
pin to a I level more 
4uickly 
than 


the 
passive 
pull-up. 
improving 
rise-time 
significantly 
if 
thc 
pin 
is driv ing a capacitive 
load. 
Note 
that 
the 
active 
pull-up 
is 
only 
activated 
on 
o-to-I 
transitions 
at 
the 


output 
latch 
(unlike 
the 
X04X. in which 
Q2 is activated 


"hcnever 
a I is written 
out). 


Opcrations 
using 
an 
input 
port 
or 
pin 
as 
the 
source 
opcrand 
use the logic 
level of the pin itself. 
rather 
than 
the 


output 
latch 
contents. 
This 
level 
is affected 
by both 
the 
microcomputer 
itself 
and 
whatever 
device 
the 
pin 
is 
connccted 
to externallv. 
The 
value 
read 
is essentiallv 
the 
"OR-tied" 
function 
of'QI 
and 
the external 
device. 
If the 
extcrnal 
device 
is high-impedence. 
such 
as a logic 
gate 
input 
or 
a 
three 
state 
output 
in 
the 
third 
state. 
then 


rcading 
a pin will reflect 
the logic level previously 
output. 


To 
use 
a pin 
for 
input. 
the 
corresponding 
output 
latch 


must 
be set. 
The 
external 
device 
may 
then 
drive 
the 
pin 


with 
either 
a high 
or low logic 
signal. 
Thus 
the same 
port 
may 
be used 
as both 
input 
and 
output 
by writing 
ones 
to 
all pins 
uscd as inputs 
on output 
operations. 
and 
ignoring 
all pins 
used 
as output 
on an 
input 
operation. 


In one 
operand 
instructions 
(INe. 
DEe. 
DJNZ 
and 
the 


Hoolean 
CPl.) 
the output 
latch 
rather 
than 
the input 
pin 


level 
is used 
as the 
source 
data. 
Similarly. 
two 
operand 


instructions 
using 
the 
port 
as 
both 
one 
source 
and 
the 
destination 
(ANL. 
ORL. 
XRl.j 
use the 
output 
latches. 


This cnsures 
that 
latch 
bits corresponding 
to pins 
used 
as 
inputs 
will not 
beeleared 
in the process 
of executing 
these 
instructions. 


The 
Hoolean 
operation 
JBC 
tests 
the 
output 
latch 
bit. 


rather 
than 
the 
input 
pin. 
in deciding 
whether 
or not 
to 
jump. 
l.ikc 
the 
byte-wise 
logical 
operations. 
Boolean 


operations 
which 
modify 
individual 
pins 
of a port 
leave 
the 
other 
bits 
of tbe 
output 
latch 
unchanged. 


II good 
example 
of how 
these 
modes 
may 
play 
together 


may 
be taken 
from 
the host-processor 
interface 
expected 
by an X243 I 0 expander. 
Even 
though 
the 8051 does 
not 


include 
X04X-type 
instructions 
for 
interfacing 
with 
an 


X24.lthe 
parts 
can 
be interconnected 
(Figure 
23) and 
the 
protocol 
may 
be emulated 
with 
simple 
software. 


Example 
30 - 
Mixing 
Parallel 
Output. 
Input. 
and 
Control 
Strobes 
on 
Port 
2 


!rl(3~4J 
INP"r 
(,,\fA 
F"t<'.J1'1 
f.~l ~;:-.;:j r 
,,~ 
rlF_'",IDFA 
CONNEC 
r:::-n 
TO ~';:J-p~,;. 


Po..!c, " 
p,~'", 
MIMIC 
CS 
, 
PRC,,; 


P;"'-P2", 
V~E"O AS INP')T:; 


p ...•p~ 
T'l 
'W 
PEAD 
IN 
~.((' 


" 
_IIOlO",""j(l 
I',', 
A 
OUTPUT 
lNSTPUCT 
IOtl 
cucr 
T-:' 
4 
FAILING 
EDGE 
OJ- 
PAne, 


'=lf/t 
1'2. 
_000011116 
SET 
FQ,", 
[1',11-'1 
.• ' 


110. 
,\. P;.' 
ALAll 
'!'oJ-'JI 
DA'.~ 


Sf 
f' 
RETURN 
"kOG 
HI.M 
:,t: -" 
,',' 
') 
~r -S£:L 
t;:( ~ 
Cl~lf' 


Serial Port and Timer applications 


Configuring 
the 
tlOSl's 
Serial 
Port 
for 
a given 
data 
rate 


and 
protocol 
re4uires 
essentially 
three 
short 
sections 
of 


software. 
On 
power-up 
or hardware 
reset 
the serial 
port 
and 
timer 
control 
words 
must 
be 
initialiled 
to 
the 


appropriate 
values. 
Additional 
software 
is also 
needed 
in 
the 
transmit 
routine 
to load 
the serial 
port 
data 
register 


and 
in the receive 
routine 
to unload 
the data 
as it arrives. 


This 
is best 
illustrated 
through 
an 
arbitrary 
example. 
Assume 
the 
XOSI 
will 
communicate 
with 
a 
CRT 


operating 
at 2400 
baud 
(bits 
per second). 
Each 
character 
is transmitted 
as seven 
data 
bits. odd 
parity. 
and one stop 


bit. 
This 
results 
in 
a 
character 
rate 
of 
2400 
10=240 
characters 
per 
second. 


For 
the 
sake 
of 
clarity. 
the 
transmit 
and 
receive 


subroutines 
are driven 
by simple-minded 
software 
status 


polling 
code 
rather 
than 
interrupts. 
(It might 
help to refer 


back 
to 
Figures 
7-9 showing 
the control 
word 
formats.) 


The 
serial 
port 
must 
be initialiled 
to 8-bit 
UA RT 
mode 


(MO. 
M I=0 I). enabled 
to 
receive 
all 
messages 
(M 2=0. 


REN= 
I). The 
flag 
indicating 
that 
the transmit 
register 
is 
free for more 
data 
will be artificially 
set in order 
to let the 
output 
software 
know 
the 
output 
register 
is available. 


This 
can 
all 
be set 
up with 
one 
instruction. 


8351 
11751 


8243 


P2.7 
} INPUTS 
P2.6 


P2.5 
cs 


P2.4 
PAOG 


P2.3 
.23 
•• 


P2.2 
.22 
P2.1 
.21 


P2.0 
.20 
.7 


F..igure23. Connecting 
an 8051 with an 8243 
I/O Expander 


• 


inter 


Timer 
I will be used in auto-reload 
mode as a data rate 
generator. 
To achieve a data rate of 2400 baud. the timer 
must divide the 
I M Hz .internal clock by 32 x (desired 
data rate): 


I x 
10" 
(32) (2400) 


which 
equals 
13.02 rounded 
down 
to 
13 instruction 
cycles. The timer must reload the value -13. or OF3H. 
(ASM51 
will accept 
both the signed decimal 
or hexa- 
decimal 
representations.) 


Example 
32 -Initializing 
Timer Mode and Control 
Bit~ 


A simple subroutine 
to transmit the character passed to it 
in the accumulator 
must first compute 
the parity 
bit. 
insert it into the data byte. wait until the transmitter 
is 
available. 
output the character. 
and return. This is nearly 
as easy said as done. 


Example 
33 -Code 
for UART Output. 
Adding Parity. 
Transmitter 
Loading 


SP _OUT 
P10V 
epc 


NOV 
JNS 


eCR 


NOV 
RET 


e. p 
e 
Ace 
7. c 
TL 
•. 


TI 
SBUF. 
A 


A simple 
minded 
routine 
to wait until a character 
is 
received. set the carry flag if there is an odd-parity 
error. 
and return the masked seven-bit code in the accumulator 
is equally short. 


Example 
34-Code 
for UART 
Reception 
and Parity 
Verification 


SP_IN 
JNB 


eCR 
NOV 


NOV 
epc 


ANC 
REl 


RI ••.., 


A,SBUF 
e. p 
e 
••••• 
7F"H 


This 
Application 
Note has described 
the architecture. 
instruction 
set. and on-chip 
peripheral 
features 
of the 
first 
three 
members 
of the 
MCS-51 ,. microcomputer 
family. The examples 
used throughout 
were admittedly 
(and necessarily) 
very simple. Additional 
examples 
and 
techniques 
may be found in the MCS-5!T. User's Manual 
and other application 
notes written for the MCS-48'· and 
MCS-5IT• families. 


Since its introduction 
in 1977. the MCS-48'· 
family has 
become 
the 
industry 
standard 
single-chip 
microcomputer. 
The MCS-51 ,. architecture 
expands the 
addressing 
capabilities 
and 
instruction 
set 
of 
its 
predecessor 
while ensuring 
flexibility for the future. and 
maintaining 
basic soft"are 
compatability 
with the past. 


Designers 
already familiar with the 8048 or 8049 will be 
able 
to take 
with them 
the education 
and experience 
gained 
from 
past 
designs 
as 
ever-increasing 
system 
performance 
demands 
force them to move on to state-of- 
the-art 
products. 
Ne"comers 
"ill 
find the po"er 
and 
regularity 
of the 8051 instruction 
set an advantage 
in 
streamlining 
both the learning 
and design processes. 


Microcomputer 
system designers will appreciate 
the 8051 
as basically 
a single-chip 
solution 
to many 
problems 
which 
previously 
required 
board-Ie\el 
computers. 


Designers of real-time control 
systems \\ill find the high 
execution 
speed. 
on-chip 
peripherals. 
and 
interrupt 
capabilities 
\ital 
in meeting 
the timing 
constraints 
of 
products 
pre\'iously 
reljuiring discrete logic designs. And 
designers of industrial 
controllers 
will be able to comert 
ladder 
diagrams 
directly 
from tested-and-true 
1'1'1. or 
relay-logic designs to microcomputer 
soft"are. 
thanks to 
the uniljue 
Boolean processing 
capabilities. 


It has not been the intent of this note to gloss mer 
the 
difficulty of designing microcomputer-based 
systems. To 
be sure. the hardware 
and software design aspects of any 
new computer 
system arc nontrivial 
tasks. Howe\er. 
the 
system speed and level of integration 
of the MCS-5! ,. 
microcomputers. 
the 
po"er 
and 
flexibility 
of 
the 
instruction 
set. and the sophisticated 
assembler and other 
support 
products 
combine to give both thehardwareand 
software designer as much of a head start on the problem 
as possible. 
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The Intel microcontroller 
family now has three new 
members: the Inte1~ 8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
gram and data memory spaces, more flexible I/O and 
peripheral capabilities, greater speed, and lower system 
cost than any previous-generation 
single-chip micro- 
computer. 


Pl.0 
- 
- vcc 


Pl.l- 
- 
PO.O 


Pl.2 
- 
- 
PO.l 


PI.3 
- 
- 
PO.2 


Pl.4 
- 
- 
PO.3 


Pl.5 
- 
- 
PO.4 


PI.6 
- 
- 
PO.5 


Pl.7 
- 
- 
PO.6 


RST 
- 
- 
PO.7 


P3.0IRXD 
- 
- 
VPP/E}; 


P3.lITXD 
- 
- 
Pmm/AlE 


P3.2/iNTO 
- 
- 
PSEN 


P3.3/iNTi 
- 
- 
P2.7 


PHITO 
- 
- 
P2.6 


P3.51T1 - 
- 
P2.5 


P3.6/WR 
- 
- 
P2.4 


P3.71RD 
- 
- 
P2.3 


XTAl2 
- 
- 
P2.2 


XTAll 
- 
- 
P2.1 


VSS 
- 
- 
P2.0 


Table I summarizes the quantitative 
differences be- 


tween the members of the MCS~-48 and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
mask- 
programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout 
this 


Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcomputer is one of the indus- 
try's fastest and most efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 2 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS@-51 architecture is its complete hardware 
support for one-bit, or Boolean 
variables (named in 
honor of Mathematician George Boole) as a separate 
data type. 


The 8051 incorporates 
a number of special features 


which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean 
Proces- 


sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca- 
pabilities. 


Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the 
Intel 
Microcontroller 
Handbook, 
order 
number 
210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS~·51 Macro Assembler User's Guide for DOS 
Systems, order number 122753. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5p..s 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36p..s 
27 
2 
2 
8751 
8051 
8031 
4K64K 
128 
1.0p..s 
32 
5 
'4 


inter 


2.0 
BOOLEAN 
PROCESSOR 
OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 
• a central processor (CPU) with the control, timing, 
and logic circuits needed to execute stored instruc- 
tions: 
• a memory to store the sequence of instructions mak- 
ing up a program or algorithm: 


• data memory to store variables used by the pro- 
gram: 
and 
• some means of communicating 
with the outside 
world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such a 
processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
a.nother, cause program execution to jump or condi- 
tionally branch based on register or variable states and 
instructions to call and return from subroutines.' The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 
combining simple fast operations to produce more com- 


CENTRAL 
PROCESSING 
UNIT 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
tional elements can (given time) complete any algo- 
rithm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product designers who want pro- 
gram~ to run as quickly as possible. By definition, a 
real-trme 
control 
algorithm 
must 
proceed 
quickly 


enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. 
The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation 
naturally 
leads to more efficient pro- 
grams handling the binary input and output conditions 
inherent in digital control problems. 


INPUTI 
OUTPUT 
PORTS 


Processing 
Elements 


The introduction stated that the 8051's bit-handling ca- 
pabilities alone would be sufficient to solve some con- 
trol applications. Let's see how the four basic e1ements 
of a digital computer-a 
CPU with associated registers, 


program memory, addressable data RAM, and I/O ca- 
pability-relate 
to Boolean variables. 


CPU. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, 
all listed in Table 2. Not 
shown are 94 other (mostly byte-oriented) 8051 instruc- 
tions. 


Program Memory. 
Bit-processing 
instructions 
are 
fetched from the same program memory as other arith- 
metic and logical operations. In addition to the instruc- 


Table 2. MCS-51™ 
Boolean 
Processing 
Instruction 
Subset 


Mnemonic 
Description 
Byte 
eyc 


SETB 
C 
Set Carry flag 
1 
1 
SETB 
bit 
Set direct Bit 
2 
1 
CLR 
C 
Clear Carry flag' 
1 
1 
CLR 
bit 
Clear direct bit 
2 
1 
CPL 
C 
Complement Carry flag 
1 
1 
CPL 
bit 
Complement direct bit 
2 
1 


MOV 
C.bit 
Move direct bit to Carry flag 
2 
1 
MOV 
bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
AND direct bit to Carry flag 
2 
2 
ANL 
C.bit 
AND complement of direct 
2 
2 
bit to Carry flag 
ORL 
C.bit 
OR direct bit to Carry flag 
2 
2 
ORL 
C.bit 
OR complement of direct 
2 
2 
bit to Carry flag 


JC 
rei 
Jump if Carry is flag is set 
2 
2 
JNC 
rei 
Jump if No Carry flag 
2 
2 
JB 
bit.rel 
Jump if direct Bit set 
3 
2 
JNB 
bit.rel 
Jump if direct Bit Not set 
3 
2 
JBC 
bit.rel 
Jump if direct Bit is set & 
3 
2 
Clear bit 


Address mode abbreviations 


C-Carry 
flag. 


bit-128 
software flags, any I/O pin, control or status 
bit. 
rei-Ail 
conditional jumps include an 8-bit offset byte. 
Range is + 127 - 128 bytes relative to first byte of the 
following instruction. 


tions of Table 2, several sophisticated program control 
features like multiple 
addressing modes, subroutine 
nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based programs. 


Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in- 
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc- 
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en- 
codings (Figure 3b). Though this format allows poten- 
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 


I opcode I 


SETBC 
CLRC 
CPLC 


I displacement I 


JC 
JNC 


opcode I I 
bit address 


SETB 
bit 
CLR 
bit 
CPL 
bit 
ANLC, 
bit 
ANLC,I 
bit 


ORLC, 
bit 
ORL C,I 
bit 


MOVC, 
bit 
MOV 
bit,C 


opcode 
I I 
bit address 
I displacement I 


JB 
bit, 
rei 
JNB 
bit, 
rei 
JBC 
bit, 
rei 


• 


inter 


Direct 
Bit Add,. 
•••• 
Hlrdwlre 
RAM 
BJle 
Regfater 
Byt. 
(MSB) 
(LSB) 
Addre •• 
(MSB) 
(LSB) 
Symbol 


7FH{: 
~ 


OFFH 
, 


OFOH 
F7 I FI I F5 I F4 I F3 
1 F2 I F1 I FO 
B 


2FH 
7F 
7E 
70 
7C 
7B 
7A 
79 
7a 


2EH 
77 
71 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I EI I E5 I E4 I E3 I E2 I E1 1EO 
ACC 


20H 
6F 
6E 
60 
6C 
6B 
6A 
69 
6a 


2CH 
67 
66 
&5 
&4 
&3 
&2 
&1 
&0 
OOOH 
07 I 06 
1 05 I 04 I 03 I 02 I 01 I 00 
PSW 


2BH 
SF 
5E 
50 
5C 
5B 
SA 
59 
sa 


2AH 
57 
5& 
55 
54 
53 
52 
51 
50 
OB&H 
- I - I - 
1 BC I BB I BA I B9 I Ba 
IP 


29H 
4F 
4E 
40 
4C 
4B 
4A 
49 
46 


2aH 
47 
41 
45 
44 
43 
42 
41 
40 
OBOH 
B7 I B& 1B5 I B4 I B3 I B2 I B1 I BO 
P3 


27H 
3F 
3E 
30 
3C 
3B 
3A 
39 
38 


26H 
37 
36 
35 
34 
33 
32 
31 
30 
OAIH 
AF I - I - I AC 
1 AB I AA I A9 
1 Aa 
IE 


25H 
2F 
2E 
20 
2C 
2B 
2A 
29 
2& 


24H 
27 
21 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I A6 I AS I A4 I A3 I A2 I A1 I AO 
P2 


23H 
1F 
1E 
10 
1C 
1B 
1A 
19 
11 


22H 
17 
16 
15 
14 
13 
12 
11 
10 
98H 
9F 
ItE 
190 
19C 
19B 19A 1"198 
SCON 


21H 
OF 
OE 
00 
OC 
OB 
OA 
09 
oa 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
97T96 
195 
194193192 
191 
190 
P1 


1FH 


1aH 
Bank 3 


17H 
8&H 
aF I aE 
laD 
lac I aB I aA I 89 
18& 
Bank 2 
TCON 
lOH 
OFH 


OIH 
Bank 1 


07H 
SOH 
&7 I 86 I as I &4 I &3 I a2 I a1 I &0 
PO 
00 
Bank 0 


203830-3 
a.) RAM Bit Addresses 
b.) Special Function Register Bit Addresses 


Data Memory. The instructions in Figure 3b can oper- 
ate directly upon 144 general purpose bits forming the 
Boolean processor "RAM." These bits can be used as 
software flags or to store program variables. Two oper- 
and instructions use the CPU's carry flag ("C") as a 
special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" for logical operations and data trans- 
fers. 


Input/Output. 
All 32 I/O pins can be addressed as indi- 
vidual inputs, outputs, or both, in any combination. 
Any pin can be a control strobe output, status (Test) 
input, or serial I/O link implemented via software. An 
additional 33 individually addressable bits reconfigure, 
control, and monitor the status of the CPU and all on- 
chip peripheral functions (timer counters, serial port 
modes, interrupt logic, and so forth). 


Overflow 
flag. 
Set/ cleared 
by hardware 
during 
arithmetic 
instructions 
to 
indi- 
cate overflow 
conditions. 


(reserved) 


Parity flag. 
Set/ cleared 
by hardware 
each 
instruction 
cycle 
to indicate 
an 
odd/even 
number 
of "one" 
bits 
in the 
accumulator, 
Le., 
even 
parity. 


the contents 
of (RS1, RSO) en- 
able the working 
register 
banks 
as follows: 
(O,O)- Bank 0 
(0,1) - Bank 1 
(1,0) - Bank 2 
(1,1) - Bank 3 


Symbol 
Position 
Name and Significance 


CY 
PSW.7 
Carry flag. 
Set/ cleared 
by 
hardware 
or 
software 
during certain 
arithme- 
tic and logical 
instructions. 


AC 
PSW.6 
Auxiliary Carry flag. 
Set/cleared 
by hardware 
during 
addition 
or subtraction 
instruc- 
tions to indicate 
carry or borrow 
out of bit 3. 


FO 
PSW.5 
Flag O. 
Set/cleared/tested 
by software 
as a user-defined 
status flag. 


RS1 
PSW.4 
Register 
bank 
Select 
control 
bits. 


RSO 
PSW.3 
1 & O. Set/cleared 
by software 
to 
determine 
working 
register 
bank (see Note). 


Figure 5. PSW-Program 
Status Word Organization 


PSW.1 


PSW.O 


(00H-07H) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


Interrupt 
1 input pin. 
Low-level 
or 
falling-edge 
trig- 
gered. 


Interrupt 
0 input pin. 


Low-level 
or 
falling-edge 
trig- 
gered. 


Transmit 
Data pin for serial port 
in UART 
mode. 
Clock 
output 
in 
shift register 
mode. 


Receive 
Data pin for serial port 
in UART 
mode. 
Data I/O 
pin in 
shift register 
mode. 


Symbol 
Position 
Name and Significance 


RD 
P3.7 
Read data control 
output. 


Active 
low pulse 
generated 
by 
hardware 
when 
external 
data 
memory 
is read. 


WR 
P3.6 
Write data control 
output. 


Active 
low pulse 
generated 
by 
hardware 
when 
external 
data 
memory 
is written. 


T1 
P3.5 
Timer/counter 
1 external 
input 
or test pin. 


TO 
P3.4 
Timer/counter 
0 external 
input 
or test pin. 


Figure 6. P3-Alternate 
I/O Functions 
of Port 3 


The most significant bit of the direct address byte se- 
lects one of two groups of bits. Values between 0 and 
127 (OOHand 7FH) defme bits in a block of 32 bytes of 
on-chip RAM, between RAM addresses 20H and 2FH 
(Figure 4a). They are numbered consecutively from the 
lowest-order byte's lowest-order bit through the high- 
est-order byte's highest-order bit. 


Bit addresses between 128 and 255 (80H and OFFH) 
correspond to bits in a number of special registers, 
mostly used for I/O or peripheral control. These posi- 
tions are numbered with a different scheme than RAM: 
the five high-order address bits match those of the reg- 
ister's own address, while the three low-order bits iden- 
tify the bit position within that register (Figure 4b). 


• 


inter 


Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con- 
trol) control and monitor the corresponding peripher- 
als, while IE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in IE and IP should not 


, 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 
registers in the 8051, but the advantages of bit address- 
ing only relate to the II described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 
MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit 
addressable 
registers and RAM. 


inter 


TCON.3 Interrupt1 Edgeflag. 


Set by hardwarewhen external 
interrupt 
edge 
detected. 


Symbol 
Position 
Name and Significance 
Clearedwhen interruptprocess- 
TF1 
TCON.? Timer 1 overflow Flag. 
ed. 
Set by hardwareon timer/coun- 
IT1 
TCON.2 Interrupt1Type control bit. 


ter overflow. Cleared when in- 
Set/cleared 
by 
software 
to 
terrupt processed. 
specify falling edge/low 
level 
TCON.6 Timer 1 Runcontrol bit. 
triggeredexternal interrupts. 


Set/cleared by software to turn 
IEO 
TCON.1 Interrupt0 Edgeflag. 
timer/counter on/off. 
Set by hardwarewhen external 
TCON.5 Timer0 overflowFlag. 
interrupt 
edge 
detected. 


Set by hardwareon timer/ coun- 
Clearedwhen interruptprocess- 


ter overflow. Cleared when in- 
ed. 
terrupt processed. 
ITO 
TCON.O Interrupt0 Type control bit. 


TCONA Timer0 Runcontrol bit. 
Set/cleared 
by 
software 
to 
Set/cleared by software to turn 
specify falling edge/low 
level 
timer/counter on/off. 
triggeredexternal interrupts. 


a.) TCON- 
Timer/Counter 
Control/Status 
Register 


Symbol 
Position 
Name and Significance 
SMO 
SCON.? Serialport Modecontrol bit O. 


Set/cleared by software (see 
note). 
SCON.6 Serialport Modecontrol bit 1. 


Set/cleared by software (see 
note). 


SCON.5 Serialport Modecontrol bit 2. 
Set by software to disable re- 
ception of framesfor which bit 8 
is zero. 


SCON.4 ReceiverEnablecontrol bit. 


Set/cleared by software to en- 
able/disable serial data recep- 
tion. 
SCON.3 TransmitBit 8. 
Set/cleared by hardwareto de- 
termine state of ninth data bit 
transmittedin 9-bit UARTmode. 
b.) SCON-Serlal 
Port Control/Status 
Register 


ReceiveBit 8. 
Set/cleared by hardwareto indi- 
cate state of ninth data bit re- 
ceived. 


TransmitInterruptflag. 
Set by hardware when byte 
transmitted. Cleared by soft- 
ware after servicing. 


ReceiveInterruptflag. 
Set by hardwarewhen byte re- 
ceived. Cleared by software af- 
ter servicing. 


the state of (SMO,SM1)selects: 
(O,O)-5hift register I/O 
expansion. 


(0,1)-8-bit 
UART,variable 
data rate. 
(1,0)-9-bit UART,fixed data 
rate. 


(1,1)-9-bit 
UART,variable 
data rate. 
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Symbol 
Position 
Name and Significance 
EA 
IE? 
EnableAll controlbit. 
Cleared by software to disable 
all interrupts, independent of 
the state of IEA-IEO. 


IE6 
(reserved) 
IE5 
ES 
lEA 
EnableSerialportcontrolbit. 
Set!cleared by software to en- 
able/disable interrupts from TI 
or RI flags. 


ET1 
IE.3 
EnableTimer1controlbit. 
Set!cleared by software to en- 
able/disableinterruptsfromtim- 
er/counter 1. 


EnableExternalinterrupt1 con- 
trol bit. Set!clearedby software 
to 
enable/disable 
interrupts 
from INT1. 
EnableTimer0 controlbit. 
Set!cleared by software to en- 
able/disableinterruptsfrom tim- 
er/counter O. 
EnableExternalinterrupt0 con- 
trol bit. Set!clearedby software 
to 
enable/disable 
interrupts 
from INTO. 


Symbol 
Position 
Name and Significance 
PX1 
IP.2 
Externalinterrupt1 Prioritycon- 
IP.? 
(reserved) 
trol bit. Set!cleared by software 
IP.6 
(reserved) 
to specifyhigh/low priorityinter- 
IP.5 
(reserved) 
ruptsfor INT1. 
PS 
IPA 
Serialport Prioritycontrolbit. 
PTO 
IP.1 
Timer0 Prioritycontrolbit. 


Set!cleared 
by 
software to 
Set!cleared 
by 
software to 
specify high/low priority inter- 
specify high/low priority inter- 
ruptsfor Serialport. 
ruptsfor timer/counter O. 
PT1 
IP.3 
Timer1 Prioritycontrolbit. 
PXO 
IP.O 
Externalinterrupt0 Prioritycon- 
Set!cleared 
by 
software to 
trol bit. Set/clearedby software 
specify high/low priority inter- 
to specifyhighllow priorityinter- 
ruptsfor timer/counter 1. 
ruptsfor INTO. 


d.) IP-Interrupt 
Priority Control 
Register 


FIgure 7. Peripheral 
Configuration 
Registers 
(Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro- 
gram status word (PSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: I or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-51 assembly language specifies a bit address 
in any of three ways: 


• by a number or expression corresponding to the di- 
rect bit address (0- 255): 


inter 


• by the name or address of the register containing the 
bit, the dot operator symbol (a period: "."), and the 
bit's position in the register (7-0): 


• in the case of control and status registers, by the 
predefined assembler symbols listed in the first col- 
umns of Figures 5-7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" 
directive and any of the above tech- 
niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 


USR_FLG 
BIT 
PSW.5 
User Symbol Definition 


CLR 
OD5H 
Absolute Addressing 
CLR 
PSW.5 
Use of Dot Operator 
CLR 
FO 
Pre-Defined Assembler 
Symbol 
CLR 
USR_FLG 
User-Defined 
Symbol 


Data 
Transfers. 
The two-byte MOY instructions can 
transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a program structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 


ISOLATE 
SOURCE 
BIT 


SET 
DESTINA nON 
BIT 


CLEAR 
DESTINATION 
BIT 


Logical 
Operations. 
Four instructions perform the logi- 


cal-AND and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark ("/") 
before the source 
operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 
"JC rel" (Jump on Carry) and "JNC rel" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "rei" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rel" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. 
A fifth instruction 
combines the 
Jump on Bit and Clear operations. "JBC bit.rel" condi- 2 
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCS-48 "JTF" instructions. 


All 8051 conditional jump instructions 
use program 
counter-relative addressing, and all execute in two cy- 
cles. The last instruction byte encodes a signed dis- 
placement ranging from -128 
to + 127. During execu- 
tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode OOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory, even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOY C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 


inter 


within 
a register: 
to reference 
a bit the 
programmer 
must 
know and specify both the encompassing 
register 
and the bit's 
position 
therein. 
This constraint 
severely 
limits 
the flexibility 
of symbolic 
bit addressing 
and re- 


duces 
the machine's 
code-efficiency 
and speed. 


Interaction with Other Instructions. The 
carry 
flag is 
also affected 
by the instructions 
listed in Table 3. It can 
be rotated 
through 
the accumulator, 
and 
altered 
as a 
side effect of arithmetic 
instructions. 
Refer 
to the Us- 
er's Manual 
for details 
on how these instructions 
oper- 
ate. 


By combining 
general 
purpose 
bit operations 
with cer- 
tain 
addressable 
bits, 
one can 
"custom 
build" 
several 
hundred 
useful 
instructions. 
All eight bits of the PSW 
can 
be tested 
directly 
with 
conditional 
jump 
instruc- 
tions to monitor 
(among 
other 
things) 
parity 
and over- 
flow status. 
Programmers 
can 
take 
advantage 
of 128 
software 
flags 
to keep 
track 
of operating 
modes, 
re- 
source 
usage, and so forth. 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 
way to control 
or reconfigure 
peripheral 
and I/O 
regis- 
ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 
tested by conditional 
jump 
instructions. 
Any output 
pin 
can be toggled 
(complemented) 
in a single instruction 
cycle. Setting 
or clearing 
the Timer 
Run flags (TRO and 
TRI) 
turn 
the 
timer/counters 
on or off; polling 
the 
same 
flags elsewhere 
lets the 
program 
determine 
if a 
timer 
is running. 
The 
respective 
overflow 
flags (TFO 
and TFI) 
can be tested 
to determine 
when the desired 
period 
or count has elapsed, 
then cleared 
in preparation 
for the next repetition. 
(For the record, 
these bits are all 
part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 
bolic bit addressing, 
the programmer 
only needs to re- 
member 
the mnemonic 
associated 
with 
each function. 
In other 
words, 
don't 
bother 
memorizing 
control 
word 
layouts.) 


In the 
MCS-48 
family, 
instructions 
corresponding 
to 


some 
of the above 
functions 
require 
specific 
opcodes. 
Ten 
different 
opcodes 
serve 
to clear 
complement 
the 
software 
flags 
FO and 
FI, 
enable/disable 
each 
inter- 
rupt, 
and start/stop 
the timer. 
In the 8051 instruction 
set, just three opcodes 
(SETB, 
CLR, 
CPL) with a direct 
bit address 
appended 
perform 
the same functions. 
Two 
test 
instructions 
(JB and JNB) 
can be combined 
with 
bit addresses 
to test 
the software 
flags, the 
8048 I/O 
pins TO, TI, 
and INT, 
and the eight accumulator 
bits, 
replacing 
15 more different 
instructions. 


Table 
4a shows 
how 
8051 programs 
implement 
soft- 
ware 
flag 
and 
machine 
control 
functions 
associated 
with 
special 
opcodes 
in the 
8048. 
In 
every 
case 
the 
MCS-51 
solution 
requires 
the same number 
of machine 
cycles, and executes 
2.5 times faster. 


Table 3. Other Instructions 
Affecting 
the Carry Flag 


Mnemonic 
Description 
Byte 


ADD 
A,Rn 
Add register to 
1 
Accumulator 
ADD 
A,direct 
Add direct byte to 
2 
Accumulator 
ADD 
A,@Ri 
Add indirect RAM to 
Accumulator 
ADD 
A,#data 
Add immediate data 
2 
to Accumulator 
ADDC A,Rn 
Add register to 
Accumulator with 
Carry flag 
ADDC A,direct 
Add direct byte to 
2 
Accumulator with 
Carry flag 
ADDC A,@Ri 
Add indirect RAM to 
Accumulator with 
Carry flag 
ADDC A,#data 
Add immediate data 
2 
to Acc with Carry flag 
SUBB 
A,Rn 
Subtract register from 
Accumulator with 
borrow 
SUBB 
A,direct 
Subtract direct byte 
2 
from Acc with borrow 
SUBB 
A,@Ri 
Subtract indirect RAM 
from Acc with borrow 
SUBB 
A,#data 
Subtract immediate 
2 
data from Acc with 
borrow 
MUL 
AB 
MultiplyA & B 
DIV 
AB 
Divide A by B 
DA 
A 
Decimal Adjust 
Accumulator 


RLC 
A 
Rotate Accumulator 
Left through the Carry 
flag 
RRC 
A 
Rotate Accumulator 
Right through Carry 
flag 


CJNE 
A,direct.rel 
Compare direct byte 
3 
2 
to Acc & Jump if Not 
Equal 
CJNE 
A,#data.rel 
Compare immediate 
3 
2 
to Acc & Jump if Not 
Equal 
CJNE 
Rn,#data.rel 
Compare immed to 
3 
2 
register & Jump if Not 
Equal 
CJNE 
@Ri,#data.rel 
Compare immed to 
3 
2 
indirect & Jump if Not 
Equal 


All mnemonics 
copyrighted 
@ Intel Corporation 
1980. 
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8048 
Bytes 
Cycles 
""Sec 
8x51 
Bytes 
Cycles & ""Sec 
Instruction 
Instruction 


Flag Control 
CLR 
C 
1 
1 
2.5 
CLR 
C 
1 
1 
CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JS 
FO.rel 
3 
2 
JS7 
offset 
2 
2 
5.0 
JS 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
5.0 
JS 
TO.rel 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNS 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JSC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 
STRT 
T 
1 
1 
2.5 
SETS 
TRO 
2 
1 
EN 
1 
1 
1 
2.5 
SETS 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLR 
ETO 
2 
1 


8048 
Bytes 
Cycles 
""Sec 
8051 
Bytes 
Cycles & ""Sec 
InstructIon 
Instruction 


Flag Control 
Set carry 
CLR 
C 
CPL 
C 
= 
2 
2 
5.0 
SETS 
C 
1 
1 


Set Software 
Flag 
CLR 
FO 
CPL 
FO 
= 
2 
2 
5.0 
SETS 
FO 
2 
1 


Turn Off Output 
Pin 
ANL 
P1.#OFSH 
= 
2 
2 
5.0 
CLR 
P1.2 
2 
1 


Complement 
Output Pin 
IN 
A.P1 
XRL 
A.#04H 
OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in RAM 
MOV 
RO.#FLGADR 
MOV 
A.@RO 
ANL 
A.#FLGMASK 
MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER 
FLG 
2 
1 
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intJ 


8048 
Bytes 
Cycles 
J.LSec 
8x51 
Bytes 
Cycles & J.LSec 
Instruction 
Instruction 


Flag Testing: 
Jump ifSoftware Flag is 0 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
3 
2 


Jump ifAccumulator bit is 0 
CPL 
A 
JB7 
offset 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 
3 
2 


Peripheral Polling 
Test if Input Pin is Grounded 
IN 
A.P1 
CPL 
A 
JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 
2 
Test if Interrupt Pin is High 
JN1 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
3 
2 


3.0 
BOOLEAN 
PROCESSOR 
APPLICATIONS 


Qualitatively, 
nothing. All the same capabilities could 
be (and often have been) implemented on other ma- 
chines using awkward sequences of other basic opera- 
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 


Quantitatively, 
the differences between a solution al- 
lowed by the 8051 and those required by previous ar- 
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro- 
controller applications. 


The opcode space freed by condensing many specific 
8048 instructions into a few general operations has been 
used to add new functionality to the MCS-51 architec- 
ture-both 
for byte and bit operations. 
144 software 
flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to l5x! 


Combining 
Boolean and byte-wide instructions 
can 
produce great synergy. An MCS-5l based application 
will prove to be: 


• simpler to write since the architecture 
correlates 
more closely with the problems being solved: 


• easier to debug because more individual instructions 
have no unexpected or undesirable side-effects: 
• more byte efficient due to direct bit addressing and 
program counter relative branching: 


• faster running because fewer bytes of instruction 
need to be fetched and fewer conditional jumps are 
processed: 
• lower cost because of the high level of system-inte- 
gration within one component. 


These rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro- 
processors; the last two go into 805I-based system de- 
signs in much greater depth. 


First off, we'll use the bit-transfer instructions to per- 
mute a lengthy pattern of bits. 


intJ 


A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. 
By law, interstate financial 
transactions involving the Federal banking system must 
be transmitted 
using the Federal 
Information 
Pro- 
cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
rmed keys ensure data privacy. 


It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 
processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 
cleared. This means only 48 of the 56 Shifted Key Buff- 
er bits are used in anyone iteration. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 
• Initialize the Permutation 
Buffer to default state 
(ones or zeroes): 


• Isolate the state of a bit of a byte from the Key 
Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 


• Perform a conditional jump based on the carry or 
zero flag if the Permutation 
Buffer default state is 
correct: 


• Otherwise reverse the corresponding bit in the per- 
mutation buffer with logical operations and mask 
bytes. 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 


bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_l, 
SKB_2, 
... 
SKB_ 
56, and that the bytes of the latter are named PB_l, 
... 
PB_8. 
Then working from Figure 9, the software 
for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds. 


• 


SET PERMUTATION 
BUFFER 
BIT 
PC2~) 


ILEAVE 
PERMUTATION 
BUFFER 
BIT 
CLEARED) 


REPEAT 
FOR 
EACH 
BIT OF 
SHIFTED 
KEY 
BUFFER 
141 TIMES) 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 
• 
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The algorithm of Figure lOb is just slightly more effi- 
cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (1 !Jos.) 
and shifting it into the accumulator (1 !Jos.).Each byte 
is stored in RAM when completed. Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example lb. 


Worst-case execution time would be 112 microseconds, 
since each instruction 
takes a single cycle. Routine 
length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 
by another 8 !Jos.) 


To date, most banking terminals and other systems us- 
ing the DES have needed special boards or peripheral 
controller chips just for the encryption! decryption pro- 
cess, and still more hardware to form a serial bit stream 
for transmission (Figure 11a). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lIb). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board DART, 
the unen- 
crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data interception. 


Example 1. DES Key Permutation Software. 
a.) "Brute Force" technique 


MOV 
C,SKB_l 
MOV 
PB_l.l,C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_l.0,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


CLR 
A 
MOV 
C,SKB_14 
RLC 
A 
MOV 
C,SKB_17 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_l 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_l,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 


I 
IL 


DATA 
ENCRY 
PTION 
UNIT 


DISPLAY 
[ 
P2 
· 


T.D 
. 
8051 
PO 
-y 
R.D •• 
KEYBOARD 
· 


I 


P1 
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b.) Using One Single-Chip Microcomputer 


Figure 11. Secure Banking Terminal Block Diagram 


Design Example #2-Software 
Serial 110 


An exercise often imposed on beginning microcomput- 
er students is to write a program simulating a UART. 
Though doing this with the 8051 Family may appear to 
be a moot point (given that the hardware for a full 
UART is on-chip), it is still instructive to see how it 
would be done, and maintains a product line tradition. 


As it turns out, the 8051 microcomputers can receive or 
transmit serial data via software very efficiently using 
the Boolean instruction set. Since any I/O pin may be a 
serial input or output, 
several serial links could be 
maintained at once. 


l 


I 


I 


TO 
MODEM 


I 


I 
J 


203830-8 


Figures 12a and 12b show algorithms for receiving or 
transmitting a byte of data. (Another section of pro- 
gram would invoke this algorithm eight times, synchro- 
nizing it with a start bit, clock signal, software delay, or 
timer interrupt.) Data is received by testing an input 
pin, setting the carry to the same state, shifting the 
carry into a data buffer, and saving the partial frame in 
internal RAM. Data is transmitted by shifting an out- 
put buffer through the carry, and generating each bit 
on an output pin. 


A side-by-side comparison of the software for this com- 
mon "bit-banging" application with three different mi- 
croprocessor architectures is shown in Table Sa and 5b. 
The 8051 solution is more efficient than the others on 
every count! 


b.) Transmission 


Figure 12. Serial 
110 Algorithms 
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Table 5. Serial 1/0 Programs 
for Various 
Microprocessors 


I~ 
A~I 
.IZ 


CMC 
10: 
IXI 
MOV 
RR 
MOV 


SERPORT 
MASK 
10 


RESIILTS: 


x INSTRIICTIO~S 
14BYTES 
5~ STATES 
19uSEe 


b,) Outpul Routin~. 


8085 


IXI 
HI.SERBIIF 
MOV 
A.M 
RR 
MOV 
IN 
.IC' 


1.0: 
ANI 
.IMP 
HI: 
ORI 
CNT:OIIT 


M.A 
SERPORT 
HI 
NOT MASK 
CNT 
MASK 


SFRPORT 


RESliLTS: 


10INSTR UCTIONS 
20 BYTES 
72 STATES 
24 uSEe 


CIR 
C 


.I~TO 
10 
CPI 
C 
MOV 
RO.• SERBIII 
MOV 
A.@RO 
RRC 
A 
MOV 
@RO.A 


MOV 
A.SERBlil 
RRC 
A 
MOV 
SERBIII.A 


7 I~STRIICTIONS 
9 BYTES 
9 CYCLES 
22.5 uSEe 


41NSTRIICTIONS 
7 BYTES 
4 CYC'I.ES 
4 uSEe 


8048 


MOV 
MOV 
RRC 
MOV 


RO.'SERBliF 
A.@RO 


A 
@RO.A 


MOV 
A.SERBliF 
RRC 
A 
MOV 
SERBlIF.A 


.IC' 
ANI 
.IMP 
HI 
ORI 
C\T: 


HI 
SERPRT .• NOT MASK 
CNT 
SERPRT.'MASK 


x INSTR IICTIONS 
1.1BYTES 
II CYCLES 
27.5 uSEe 


4 INSTRUCTIONS 
7 BYTES 
5 CYCLES 
5 uSEe 


Design Example # 3-Combinatorial 
Logic Equations 


Figure 13 shows TTL and relay logic diagrams for a 
function of the six variables U through Z. Each is a 
solution of the equation. 
Next we'll look at some simple uses for bit-test instruc- 
tions and logical operations. (This example is also pre- 
sented in Application Note AP-69.) 


Virtually all hardware designers have solved complex 
functions using combinatorial 
logic. While the hard- 
ware involved may vary from relay logic, vacuum 
tubes, or TTL or to more esoteric technologies like flu- 
idics, in each case the goal is the same: to solve a prob- 
lem represented by a logical function of several Boolean 
variables. 


Equations of this sort might be reduced using Kar- 
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in- 
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 


•• 


inter 


Q = (U • (V + Wl) + (X • Y) + Z 
a.) Using TTL 


b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For the sake of comparison we will implement this 
function three ways, restricting the software to three 
proper subsets of the MCS-51 instruction set. We will 
also assume that U and V are input pins from different 
input ports, Wand X are status bits for two peripheral 
controllers, and Y and Z are software flags set up earli- 
er in the program. The end result must be written 


to an output pin on some third port. The first two im- 
plementations follow the flow-chart shown in Figure 
14. Program flow would embark on a route down a 
test-and-branch tree and leaves either the "True" or 
"Not True" exit ASAP-as 
soon as the proper result 


has been determined. These exits then rewrite the out- 
put port with the result bit respectively one or zero. 


inter 


Figure 14. Flow Chart for 
Tree-Branching 
Algorithm 


Other digital computers must solve equations of this 
type with standard word-wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in- 
struction 
subset produces somewhat sloppy software 
solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOV 
mnemonic used for all variable transfers in the 8051 
instruction set. 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed-<:ode can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + 1 lines of source program- 
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 
.FUNCTION 
OF 
6 
VARIABLES 
BY 
LOADING 
AND 
MASKING 
THE 
APPROPRIATE 
BITS 
IN 
THE 
ACCUMULATOR. 
THEN 
EXECUTING 
CONDITIONAL 
JUMPS 
BASED 
ON 
ZERO 
CONDITION. 
(APPROACH 
USED 
BY 
BYTE-ORIENTED 
ARCHITECTURES.) 
BYTE 
AND 
MASK 
VALUES 
CORRESPOND 
TO 
RESPECTIVE 
BYTE 
ADDRESS 
AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 


• 


·r.l.,.•.,.. 
mvv 
A,L""lG 
ANL 
A,#OOOOOIOOB 
JNZ 
TESTU 
MOV 
A,TCON 
ANL 
A,#OOIOOOOOB 
JZ 
TESTX 
TESTU: 
MOV 
A,PI 
ANL 
A,#OOOOOOIOB 
JNZ 
SETQ 
TESTX: 
MOV 
A,TCON 
ANL 
A,#OOOOIOOOB 
JZ 
TESTZ 
MOV 
A,20H 
ANL 
A,#OOOOOOOIB 
JZ 
SETQ 
TESTZ: 
MOV 
A,2IH 
ANL 
A,#OOOOOOIOB 
JZ 
SETQ 
CLRQ: 
MOV 
A,OUTBUF 
ANL 
A,#11110Il1B 
JMP 
OUTQ 
SETQ: 
MOV 
A,OUTBUF 
ORL 
A,#OOOOIOOOB 
OUTQ: 
MOV 
OUTBUF,A 
MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
DIRECTLY 
POLLING 
EACH 
BIT. 
(APPROACH 
USING 
MCS-5I 
UNIQUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY.) 
SYMBOLS 
USED 
IN 
LOGIC 
DIAGRAM 
ASSIGNED 
TO 
CORRESPONDING 
8x5I 
BIT 
ADDRESSES. 


u 
0.•..•. 
r.L • .L 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
lEI 
Y 
BIT 
20H.0 
Z 
BIT 
2IH.I 
Q 
BIT 
P3.3 


TEST_V: JB 
V,TEST_U 
JNB 
W,TEST_X 
TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 
JNB 
Y,SET_Q 
TESLZ: 
JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SET_Q: 
SETB 
Q 
NXTTST:(CONTINUATION 
OF 
:PROGRAM) 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
USING 
STRAIGHT_LINE 
LOGICAL 
INSTRUCTIONS 
ON 
MCS-5I 
BOOLEAN 
VARIABLES. 


MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE 
STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT COMPUTED RESULT 


ware to Simulate a large number ot gates by summmg 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the first input to another, bypassing the intermediate 
variable to eliminate two lines of source. 


Design Example # 4-Automotive 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world 
application 
which isn't nearly as trivial as it might first appear: 
automobile turn signals. 


COlumn 
as a smgu:-puu:::, 
lllpU::-llllUW 
l.VlSlSU;;;:)wu.""u . 
.l.U 


its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 


Applying the brake pedal turns the tail light filaments 
on constantly ... 
unless a turn is in progress, in which 
case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Input Signals 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
Turn 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 
0 
0 
0 
1 
Off 
Blink 
Off 
Blink 
0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 
0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 
0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink 


1 
0 
0 
0 
Off 
Off 
On 
On 
1 
0 
0 
1 
Off 
Blink 
On 
Blink 
1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 
1 
1 
1 
0 
Blink 
Blink 
Blink 
On 
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But we're not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer 
filament for the parking 
lights. Figure 
15 
shows TIL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 
whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


LO. 


FREO. 
OSCILLATOR 


each termination for each filament lead to extra cost 
and labor during construction, 
lower reliability and 
safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 
mechanical part count. 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 
select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


HI. 


FREO. 
OSCILLATOR 


Design Example II 3 demonstrated that symbolic ad- 
dressing with user-defined bit names makes code and 
documentation 
easier to write and maintain. Accord- 
ingly, we'll assign these I/O 
pins names 
for use 
throughout the program. (The format of this example 
will differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 


INPUT PIN DECLARATIONS: 
;(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
BIT PLO 
;BRAKE PEDAL 
;DEPRESSED 
EMERG 
BIT Pl.l 
;EMERGENCY BLINKER 
;ACTIVATED 
PARK 
BIT Pl.2 
;PARKING LIGHTS 
ON 
I_TURN BIT Pl.3 
;TURN LEVER 
DOWN 
R_TURN 
BIT Pl.4 
;TURN LEVER UP 


OUTPUT 
PIN DECLARATIONS: 


LFRNT 
BIT Plo5 
;FRONT LEFT-TURN 
, 


;INDICATOR 
R_FRNT 
BIT Plo6 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT Plo7 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT P2.0 
;DASHBOARD RIGHT- 
;TURN INDICATOR 
I_REAR BIT P2.l 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT P2.2 
;REAR RIGHT-TURN 
;INDICATOR 


Another key advantage of symbolic addressing will ap- 
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect P.C. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defmed early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod- 
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications 
needing single- 
chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
I of port I, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 


The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 


program structures 
are not needed. Only the initial 
Boolean variable declarations 
need to be changed; 
ASM51 automatically adjusts all addresses and symbol- 
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;INTERRUPT RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 
;HIGH-FREQUENCY OSCILLATOR 
BIT 
HI_FREQ 
BIT 
SUB_DIV,O 
;LOW-FREQUENCY OSCILLATOR 
BIT 
LO_FREQ 
BIT 
SUB_DIV,7 


ORG 
INIT 


ORG 
lOOH 
;PUT TIMER 0 IN MODE 1 
INIT; 
MOV 
TMOD,#OOOOOOOlB 
;INITIALIZE TIMER REGISTERS 
MOV 
TLO,#O 
MOV 
THO,#-16 
;SUBDIVIDE INTERRUPT RATE BY 244 
MOV 
SUB_DIV,#244 
;ENABLE TIMER INTERRUPTS 
SETB 
ETO 
;GLOBALLY ENABLE ALL INTERRUPTS 
SETB 
EA 
;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUND 
PROGRAM) 


;PUT TIMER 0 IN MODE 1 
;INITIALIZE TIMER REGISTERS 


;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode I by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 ,...s.Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 


"tuned" to approximately I Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 
4.096 ms. The interrupt 
service routine reloads the 
high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB~IV. 
Loading 
SUB_DIY. 
with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TIMER 0 SERVICE VECTOR 
MOV 
THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV,TOSERV 
MOV 
SUB_DIV,#244 


The code to sample inputs, perform calculations, and 
update' outputs-the 
real "meat" of the signal control- 
ler algorithm-may 
be performed either as part of the 
interrupt service routine or as part of a background 
program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure 15) that 
the subterm (pARK. 
H_FREQ), 
asserted when the 
parking lights are to be on dimly, figures into four of 
the six output 
functions. Accordingly, we will first 
compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.I. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


PSW.l 
;DECLARE TEMP 
;STORAGE FLAG 


;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


This simple three-line section of code illustrates a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 
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pendent of the hardware configuration. The fact that 
these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 


Now generate and output the dashboard left turn sig- 
nal. 


MOV C,L_TURN 
;SET 
CARRY IF 
;TURN 
ORL C,EMERG 
;OR EMERGENCY 
;SELECTED 
ANL C,LO_FREQ 
;GATE 
IN 
1 HZ 
;SIGNAL 
MOV LDASH,C 
;AND OUTPUT TO 
;DASHBOARD 


To generate the left front turn signal we only need to 
add the parking light function in FO.But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 


;SAVE 
FUNCTION 
;SO 
FAR 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT TO 
;TURN SIGNAL 


Finally, the rear left turn signal should also be on when 
the brake pedal is depressed, provided a left turn is not 
in progress. 


MOV C,BRAKE 
;GATE BRAKE 
;PEDAL 
SWITCH 
ANL C,L_TURN 
;WITH 
TURN 
;LEVER 
ORL C,FO 
;INCLUDE 
TEMP. 
;VARIABLE 
FROM DASH 


;AND PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT 
TO 
;TURN SIGNAL 


Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-turn lights. This 
also gives us a chance to see how the code segments 
above look when combined. 


MOV C.R_TURN 
;SET 
CARRY H- 
;TURN 
ORL C.EMERG 
;OR EMERGENCY 
;SELECTED 
ANL C,LO_FREQ 
;IF 
SO. 
GATE IN 1 
;HZ 
SIGNAL 
MOV R_DASH.C 
;AND OUTPUT TO 
;DASHBOARD 
MOV FO.C 
;SAVE 
FUNCTION 
;SO 
FAR 
ORL C.DIM 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 
MOV R_FRNT.C 
;AND OUTPUT 
TO 
;TURN SIGNAL 
MOV C.BRAKE 
;GATE BRAKE 
;PEDAL 
SWITCH 
ANL C. 
R_TURN 
;WITH 
TURN 
;LEVER 
ORL C.FO 
;INCLUDE 
TEMP. 
;VARIABLE 
FROM 
;DASH 
ORL C.DIM 
;AND PARKING 
;LIGHT 
FUNCTION 
MOV R_REAR.C 
;AND OUTPUT 
TO 
;TURN SIGNAL 


(The perceptive reader may notice that simply rear- 
ranging the steps could eliminate one instruction from 
each sequence.) 


Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
finished. This code essentially needs to reverse. the 
status saving steps at the beginning of the interrupt. 


Sub_Dlv Bits 
Duty Cycles 
7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
.off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 
X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 
X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 
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;RESTORE CPU 
;REGISTERS. 
POP ACC 
POP PSW 
RETI 


Program Refinements. The luminescence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HI_FREQ 
may not produce the 
desired intensity. If the application requires, duty cy- 
cles of 25%, 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIV. 
For example, 30 HI signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 
;PERCENT 
ANL C,SUB_DIV.O;MASK 
DOWN TO 25 
;PERCENT 
ORL C,SUB_DIV.2;AND 
BUILD BACK TO 
;62 PERCENT 
MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than-TTL drive levels. A lower-cost solution uses the 
8051 serial port in the shift-register mode to augment 
I/O. In mode 0, writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the I/O expansion mode is one megabaud, or 8 /Ls. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout 
the program is going to payoff. 


This major 110 restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT 
BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 
R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 
LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


Figure 17. Output 
Expansion 
Using Serial Port 
2-60 
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The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the buffered shift register 
through the serial port. 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive-- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 
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P2.2 
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standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 
properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned off, if there is continuity from + 12V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + 12V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 2 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 
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Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12V or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type offailure. 
Software could perform these checks once per second 
by executing the routine every time the software count- 
er SUB_DIY 
is reloaded by the interrupt routine. 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 


ORL P2,#00000111B 
CLR LFRNT 


CLR 
L_DASH 
JB 
TO,FAULT 
SETB L_DASH 
CLR 
L_REAR 
JB 
TO,FAULT 
SETB L_REAR 
CLR 
R_FRNT 
JB 
TO,FAULT 
SETB R_FRNT 
CLR 
R_DASH 
JB 
TO,FAULT 
SETB R_DASH 
CLR 
R_REAR 
JB 
TO,FAULT 
SETB R_REAR 


;WITH ALL COLLECTORS 
SHOULD BE HIGH 
;IF SO. CONTINUE WITH 
ROUTINE. 
JB 
TO,TOSERV 
FAULT: 


;RELOAD COUNTER 
;SET CONTROL 
;OUTPUTS HIGH 


;FLOAT DRIVE 
;COLLECTOR 
;TO SHOULD BE 
;PULLED LOW 
;PULL COLLECTOR 
;BACK DOWN 


;ELECTRICAL 
;FAILURE 
;PROCESSING 
;ROUTINE 
;(LEFT TO 
;READER'S 
;IMAGINATIONl 
;CONTINUE WITH 
;INTERRUPT 
;PROCESSING 


The complete assembled program listing is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150 bytes of object code. Each pass 
through 
the 
service routine 
requires 
(coincidently) 
67 !Josplus 32 !Josonce per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bul\js 
would allow multiple taillight sequencing and syncopa- 
tion-true 
flash factor, so to speak. 


Design Example # 5-Complex 
Control 
Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign I/O pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


Figure 19shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 
• 64 input variable sensors: 
• 
12 output signals: 
• Combinational and sequential logic computations: 
• Remote operation with communications to a host 
processor via a high-speed full-duplex serial link: 
• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port I sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 
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The computer's serial port is configured as a nine-bit 
DART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish betweenaddress and data 
bytes. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The 80SI serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth- 
ers. Pins INTOand INTI are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-leveltriggered. The remaining 12I/O 
pins output TIL-Ievel control signals to 12 actuators. 


The scan lines from Port I provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kO 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0V logic threshold, even in the worst-case, 
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where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments, phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


The other circuits assume that input signals are already 
at TTL levels. Figure 20c uses octal three-state butTers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port I. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TTL or up to 10 low-power TTL loads without addi- 
tional butTering. 


Going back to the original matrix circuit, Figure 21 
shows the method used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 


Example 3. 
INPUT_SCAN: 


MOV RO.#20H 


MOV Rl,#28H 


MOV A,#80H 


INC RO 
INC Rl 
MOV A,R2 


;SUBROUTINE 
TO READ 
;CURRENT STATE 
;OF 64 
SENSORS AND 
;SAVE IN 
RAM 20H-27H 
;INITIALIZE 
;POINTERS 
;FOR BIT 
MAP 
;BASES 
;SET 
FIRST 
BIT 
;IN 
ACC 
;OUTPUT TO SCAN 
;LINES 
;SHIFT 
TO ENABLE 
;NEXT COLUMN 
;NEXT 
;REMEMBER CUR- 
;RENT SCAN 
;POSITION 
;READ RETURN 
;LINES 
;SWITCH WITH 
;PREVIOUS 
MAP 
;BITS 
;SAVE PREVIOUS 
;STATE 
AS WELL 
;BUMP POINTERS 


;RELOAD SCAN 
;LINE 
MASK 
JNB ACC,7;SCAN;LOOP 
UNTIL 
ALL 
;EIGHT 
COLUMNS 
;READ 
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a.) Using Switch Contact/Diode 
Matrix 


Figure 20. Sensor Matrix Implementation 
Methods 


PO. 1 


PO.2 


PO.3 
~I~I 
PO .• 
'+1+ 


PO.5 


PO.6 
I 
I 


"15" 


PO.l 


b.) Using Optically-Coupled 
Isolators 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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c.) Using TTL Three-State 
Buffers 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 
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d.) Using TTL Data Selectors 


Figure 20. sensor 
Matrix Implementation 
Methods 
(Continued) 
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Figure 21. Flowchart 
for 
Reading 
In Sensor 
Matrix 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


Combinatorial Output 
Variables. An output 
variable 
which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAM! 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


Example 4. 
Simple Combinatorial Output Variables. 


;SET P2.2=(12) 
(23) (34) ( 45) ( 56) 
MOV 
C,12 
ANL 
C,23 
ANL 
C,34 
ANL 
C, 45 
ANL 
C, 
56 
MOV 
P2.2,C 


Intermediate 
Variables. The examination of a typical 
relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con- 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-51 solution can u.seany directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18 additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 
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Example 5. Incorporating Override signal into actu- 
ator outputs. 


CALL INPUT_SCAN 
MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


ANL C, FO 
MOV PLO,C 


ANL C, FO 
MOV Pl,l,C 


ANL C, FO 
MOV Pl,2,C 


Figure 22. Ladder 
Diagram 
for 
Output Override 
Circuitry 


Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals,where it will remain until forced onto the oppo- 
site stat~analogous 
to a ITL SetlReset flip-flop.The 
relay is used as an intermediate variable for other calcu- 
lations. In the previous example, the emergency condi- 
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 


Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 


;I_SET SET FLAG 0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


;I_RSET RESET 
FLAG 0 IF C=l 
LRSET: 
CPS C 
ANL C,FO 
MOV FO,C 


Time Delay Relays. A time delay relay does not re- 
spond to an input signal until it has been present (or 
absent) for some predefined time. For example, a bal- 
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the details of the 
exact function needed: time-outs or time delays with 
resettable or non-resettable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 


Example 7. Code to clear USRFLG after a fixed 
time delay. 


JNB 
USR_FLG,NXTTST 
DJNZ DLAY_COUNT,NXTTST 
CLR 
USR_FLG 
MOV 
DLAY_COUNT,#200 


Serial Interface to Remote Processor. When it detects 
emergency 
conditions 
represented 
by certain 
input 
combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and! or alert the host processor via the serial port. 
Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, commit the MCS-5l 
User's Manual. 


One difference between relay and programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change 
in input 
conditions 
will begin propagating 
through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 
' 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum instruction execution time for 
many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


A programmed controller which simulates each Boole- 
an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead 
for 
stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 
perform system diagnostics, and so forth . 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the 
Boolean 
Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON 
CARR~ 
;USING 
FO 
IS 
INPUT 
VARIABLE. 
;XOR_FO: 
JNB 
FO,XORCNT 
;("JB" 
FOR 
X-NOR) 
CPL 
C 
;XORCNT: 
••• 
••••• 


XCH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 
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through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 
MOV 
C,USR_FLG 
RRC 
A 
MOV 
USR_FLG,C 
RLC 
A 


Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
w.here on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets the source be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, cleared, or comple- 
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared.. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 
er than most architectures-or 
used for logical calcula- 
tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity of bytes or bits. The parity of the current accu- 
mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting 
Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Though the 8051 serial port can accommodate eight- or 
nine-bit data 
transmissions, 
some protocols 
involve 
much longer bit streams. The algorithms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRC) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


A truly unique facet of the Intel MCS-51 microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application 
Note has detailed the information 
needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 


ISIS-II 
MCS-51 
MACRO 
ASSEMBLER 
VI 0 
OB~ECT 
MODULE 
PLACED 
IN 
FO 
AP70.HEX 
ASSEMBLER 
INVOKED 
BY: 
H 
asm51 
ap70 
ST'C 
da.t.(328) 


LOC 
OB~ 
LINE 
SOURCE 
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2O, 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
+1 


0095 
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OOAI 
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0020 
0000 
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THE 
FOLLOWING 
PROGRAM 
USES 
THE 
BOOLEAN 
INSTRUCTION 
SET 
OF 
THE 
INTEL 
E051 
MICROCOMPUTER 
TO PERFORM 
A NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL 
FUNCTIONS 
RELATING 
TO 
TURN 
SIGNAL 
CONTROL. 
EMERGENCY 
BLINKERS. 
BRAKE 
LIGHT 
CONTROL. 
AND 
PARKING 
LIGHT 
OPERATION. 
THE 
ALGORITHMS 
AND 
HARDWARE 
ARE 
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IN DESIGN 
EXAMPLE 
.4 
OF 
INTEL 
APPLICATION 
NOTE 
AP-70. 
"USING 
THE 
INTEL 
MCS-51 (TM) 
BOOLEAN 
PROCESSING 
CAPABILITIES" 


INPUT 
PIN 
DECLARATIONS: 


(ALL 
INPUTS 
ARE 
POSITIVE-TRUE 
LOGIC 
INPUTS 
ARE 
HIGH 
WHEN 
RESPECTIVE 
SWITCH 
CONTACT 
IS CLOSED 
) 


BRAKE 
BIT 
PI 0 
BRAKE 
PEDAL 
DEPRESSED 
EMERG 
BIT 
PI. I 
EMERGENCY 
BLINKER 
ACTIVATED 
PARK 
BIT 
PI 
2 
PARKING 
LIGHTS 
ON 
L_TURN 
BIT 
PI 
3 
TURN 
LEVER 
DOWN 
R_TURN 
BIT 
PI 
4 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
OECLARATIONS: 


(ALL OUTPUTS 
ARE 
POSITIVE 
TRUE 
LOGIC 
BULB 
IS TURNED 
ON 
WHEN 
OUTPUT 
PIN 
IS HIGH. ) 


L_FRNT 
BIT 
PI 
5 
FRONT 
LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI 
6 
FRONT 
RIGHT-TURN 
INDICATOR 
L_DASH 
BIT 
PI 
7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R_DASH 
BIT 
P2. 0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2 
I 
REAR 
LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2 2 
REAR 
RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2. 3 
ELECTRICAL 
SYSTEM 
FAULT 
INDICATOR 


INTERNAL 
VARIABLE 
DEFINITIONS: 


SUB 
DIV 
DATA 
20H 
INTERRUPT 
RATE 
SUBDIVIDER 
HI_FRECl BIT 
SUB_DIV. 0 
HIGH-FREClUENCY 
OSCILLATOR 
BIT 
LOJRECl 
BIT 
SUB_DIV 
7 
LOW-FREClUENCY 
OSCILLATOR 
BIT 


DIM 
BIT 
PSW. I 
PARKING 
LIGHTS 
ON 
FLAG 
I 


OOOB 
OOOB 
75BCFO 
OOOE 
CODO 
0010 
0154 


0040 
0040 
75BAOO 
0043 
75BCFO 
004b 
70B9bl 


0049 
7520F4 
004C 
D2A9 
004E 
D2AF 
0050 
D2BC 
0002 
BOFE 


005A 
4390EO 
OO'D 
43A007 
OObO 
C290 
00b2 
20B42B 
OOb' 
D290 
00b7 
C297 
00b9 
20B421 
OObC 
D297 
OObE 
C2AI 
0070 
20B41A 
0073 
D2AI 
007' 
C29b 
0077 
20B413 
007A 
D29b 
007C 
C2AO 
007E 
20B40C 
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D2AO 
00B3 
C2A2 
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0088 
D2A2 
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'0 
51 
'2 
'3 
'4 
'5 
'b 
57 
'B 
'9 
bO 
bl 
b2 
b3 
b4 
bO 
bb 
b7 
bB 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
7B 
79 
BO 
81 
82 
83 
84 
85 
Bb 
87 
88 
89 
90 
91 
92 
93 
94 
9' 
9b 
97 
98 
99 +1 


ORG 
INIT. 
/'lOV 
/'lOV 
/'lOV 


ORG 
/'lOV 
PUSH 
AJ/'lP 


/'lOV 
SETB 
SETB 
SETB 
SJ/'lP 


ORL 
ORL 
CLR 
JB 
SETS 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 


TI/'lER 0 
SERVICE 
VECTOR 
HIGH 
TI/'lER BYTE 
ADJUSTED 
TO 
CONTROL 
INT 
RATE 
EXECUTE 
CODE 
TO 
SAVE 
ANY 
REGISTERS 
USED 
BELOW 
(CONTINUE 
WITH 
REST 
OF 
ROUTINE) 


ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 
-Ib 
IN 
HIGH-ORDER 
BYTE 
GIVES 
4 
/'lSECPERIOD 
8-BIT 
AUTO 
RELOAD 
COUNTER 
/'lODEFOR 
TI/'lER I. 


Ib-BIT 
TI/'lER /'lODEFOR 
TI/'lER 0 
SELECTED 
SUBDIVIDE 
INTERRUPT 
RATE 
BY 
244 
FOR 
I HZ 
USE 
TI/'lER0 
OVERFLOWS 
TO 
INTERRUPT 
PROGRA/'l 
CONFIGURE 
IE 
TO 
GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT 
UNTIL 
OVERFLOW 
START 
BACKGROUND 
PROGRA/'l EXECUTION 


EXECUTE 
SYSTE/'l TEST 
ONLY 
ONCE 
PER 
SECOND 
GET 
VALUE 
FOR 
NEXT 
ONE 
SECOND 
DELAY 
AND 
GO 
THROUGH 
ELECTRICAL 
SYSTE/'l TEST 
CODE: 


SET 
CONTROL 
OUTPUTS 
HIGH 


FLOAT 
DRIVE 
COLLECTOR 
TO 
SHOULD 
BE 
PULLED 
LOW 
PULL 
COLLECTOR 
BACK 
DOWN 
REPEAT 
SEQUENCE 
FOR 
L ..DIISH. 


OOOBH 
THO •• -lb 
PSW 
UPDATE 


0040H 
TLO •• O 
THO •• -Ib 
T/'lOD•• OIIOOOOIB 


SUB_DIV 
•• 244 
ETO 
EA 
TRO 
S 


PI •• 1I100000B 
P2 •• 0000011IB 
L_FRNT 
TO. FAULT 
L_FRNT 
L_DASH 
TO. FAULT 
L_DASH 
L_REAR 
TO. FAULT 
L_REAR 
R_FRNT 
TO. FAULT 
R_FRNT 
R_DASH 
TO. FAULT 
R_DASH 
R_REAR 
TO. FAULT 
R_REAR 


LOC 
OB,) 
LINE 
SOURCE 


100 
CONTINUE 
WITH 
INTERRUPT 
PROCESSING: 
101 
102 
I) 
COMPUTE 
LOW 
BULB 
INTENSITY 
WHEN 
PAR~ING 
LIGHTS 
ARE 
ON. 
103 
008F 
A201 
104 
TOSERV: 
MOV 
C. SUB_DIV 
1 
START 
WITH 
50 
PERCENT. 
00<;118200 
105 
ANL 
C. SUB_DIV 
0 
MAS~ 
DOWN 
TO 
25 
PERCENT. 
00<;137202 
lOb 
ORL 
C. SUB_DIV 
2 
BUILD 
BAC~ 
TO 
b2. 5 PERCENT. 
00<;1582<;12 
107 
ANL 
C.PAR~ 
GATE 
WITH 
PAR~ING 
LIGHT 
SWITCH. 
00<;17<;I2DI 
108 
MOV 
DIM.C 
AND 
SAVE 
IN 
TEMP. 
VARIABLE. 
10<;1 
110 
2) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
DASHBOARD 
INDICATOR. 


III 
00<;1<;1 
A2<;13 
112 
MOV 
C. L_TURN 
SET 
CARRY 
IF 
TURN 
OO<;lB72<;11 
113 
ORL 
C.EMERG 
OR 
EMERGENCY 
SELECTED. 
OO<;lD8207 
114 
ANL 
C. LO_FREG 
IF 
SO. 
GATE 
IN 
I HZ 
SIGNAL 
OO<;lF<;12<;17 
115 
MOV 
L_DASH.C 
AND 
OUTPUT 
TO 
DASHBOARD. 


lib 
1"17 
3) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
FRONT 
TURN 
SIGNAL. 


118 
OOAI 
<;I2D5 
11<;1 
MOV 
FO.C 
SAVE 
FUNCTION 
SO 
FAR. 


00A3 
72DI 
120 
ORL 
C.DIM 
ADD 
IN 
PAR~ING 
LIGHT 
FUNCTION 
00A5 
<;12<;15 
121 
MOV 
LJRNT. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
122 
123 
4) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
REAR 
TURN 
SIGNAL. 
!\) 
I 


124 
~ 
00A7 
A290 
125 
MOV 
C.BRA~E 
GATE 
BRA~E 
PEDAL 
SWITCH 
U'1 
OOA<;IBO?3 
126 
ANL 
C./L_TURN 
WITH 
TURN 
LEVER. 
OOAB 
72D5 
127 
ORL 
C.FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASH 
OOAD 
72DI 
128 
ORL 
C.DIM 
AND 
PAR~ING 
LIGHT 
FUNCTION 
OOAF 
92Al 
12<;1 
MOV 
L_REAR. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
130 
131 
5) 
REPEAT 
ALL 
OF 
ABOVE 
FOR 
RIGHT-HAND 
COUNTERPARTS 
132 
OOBI 
A2<;14 
133 
MOV 
C. R_TURN 
SET 
CARRY 
IF 
TURN 
00B3 
72<;11 
134 
ORL 
C.EMERG 
OR 
EMERGENCY 
SELECTED. 
00B5 
8207 
135 
ANL 
C.LOJREG 
IF 
SO. 
GATE 
IN 
I HZ 
SIGNAL 
00B7 
<;I2AO 
13b 
MOV 
R_DASH. 
C 
AND 
OUTPUT 
TO 
DASHBOARD. 


OOB<;I<;I2D5 
137 
MOV 
FO.C 
SAVE 
FUNCTION 
SO 
FAR. 
OOBB 
72DI 
138 
ORL 
C.DIM 
ADD 
IN 
PAR~ING 
LIGHT 
FUNCTION 
OOBD 
<;I2<;1b 
13<;1 
MOV 
R_FRNT. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
OOBF 
A2<;10 
140 
MOV 
C.BRAKE 
GATE 
BRAKE 
PEDAL 
SWITCH 
OOCI 
B094 
141 
ANL 
C./R_TURN 
WITH 
TURN 
LEVER 
00C3 
72D5 
142 
ORL 
C.FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASI! 
00C5 
72DI 
143 
ORL 
C.DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
00C7 
92A2 
144 
MOV 
R_REAR. 
C 
; 
AND 
OUTPUT 
TO 
TURN 
SIGNAL 
145 
14b 
RESTORE 
STATUS 
REGISTER 
AND 
RETURN. 


147 
00C9 
DODO 
148 
POP 
PSW 
RESTORE 
PSW 
OOCB 
32 
149 
RET! 
AND 
RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
:51 
END 
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XREF 
SYMBOL 
TABLE 
LISTING 
I 
Il 
I 
I 
NAME 
TYPE 
VALUE 
AND 
REFERENCES 


BRAKE 
N BSEG 
0090H 
2011 125 
140 
DIM 
N BSEG 
OODIH 
4511 108 
120 
128 
138 
143 
EA 
N BSEG 
OOAFH 
6'1 
EMERG 
N BSEG 
0091H 
2111 113 
134 
ETO 
N BSEG 
00A9H 
63 
FO 
N BSEG 
00D5H 
119 
127 
137 
142 


FAULT 
L CSEG 
008DH 
75 
78 
81 
84 
87 
90 
9711 
HI_FREel 
N BSEG 
OOOOH 
4211 
INIT 
L CSCG 
0040H 
50 
5811 
L_DASH. 
N BSEG 
0097H 
3211 77 
79 
115 


L_FRrn 
N BSEG 
0095H 
3011 74 
76 
121 
L_REAR 
N BSEG 
OOAIH 
34. 80 82 
129 
L_TURN 
N BSEG 
0093H 
23. 
112 
126 
LO_FREel 
N BSEG 
0007H 
4311 114 
135 
PI 
N DSEG 
0090H 
20 21 ~~ 23 24 30 31 32 72 
P2 
N DSEG 
OOAOH 
33 
34 
35 37 
73 


PARK 
N BSEG 
0092H 
2211 107 
PSW 
N DSEG 
OODOH 
45 
54 
148 
R_DASH 
N BSEG 
OOAOH 
3311 86 
88 
136 


I 
I 


:a:- 
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R_FRNT 
N BSEG 
0096H 
3111 83 
85 
139 
"0 
~ 
R_REAR 
N BSEG 
00A2H 
3511 89 
91 
144 
I 
Ol 
.....• 
R_TURN 
N BSEG 
0094H 
2411 133 
141 
0 
S_FAIL. 
N BSEG 
00A3H 
3711 97 
SUB_DIV 
N DSEG 
0020H 
4111 42 
43 
62 
69 
70 
104 
105 
106 
TO 
N BSEG 
00B4H 
75 
78 
81 
84 
87 
90 
96 
TOSERV 
L CSEG 
008FH 
69 
96 
10411 
THO 
N DSEG 
008CH 
53 
59 
TLO 
N DSEG 
008AH 
58 
TMOD 
N DSEG 
0089H 
60 
TRO 
N BSLG 
008CH 
65 
UPDATE 
L CSEG 
0054H 
55 69. 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 
FOUND 
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APPLICATION 
NOTE 
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This is the third application note that Intel has produced 
on CRT terminal controllers. The first Ap Note (ref. I), 
written in 1977, used the 8080 as the CPU and required 
41 packages including 11 LSI devices. In 1979, another 
application note (ref. 2) using the 8085 as the controller 
was produced and the chip count decreased to 20 with II 
LSI devices. 


Advancing technology has integrated a complete system 
onto a single device that contains a CPU, program mem- 
ory, data memory, serial communication, interrupt con- 
troller, and I/O. These" computer-on-a-chip" devices are 
known as microcontrollers. Intel's MCS~-51 rnicrocon- 
troller was chosen for this application because of its highly 
integrated functions. This CRT terminal design uses 12 
packages with only 4 LSI devices. 


This application note has been divided into five general 
sections: 
I) CRT Terminal Basics 
2) 8051 Description 
3) 8276 Description 
4) Design Background 
5) System Description 


A terminal provides a means for humans to communicate 
with a computer. Terminals may be as simple as a LED 
display and a couple of push buttons, or it may be an 
elaborate graphics system that contains a full function 
keyboard with user programmable keys, color CRT and 
several processors controlling its functions. This appli- 
cation note describes a basic low cost terminal containing 
a black and white CRT display, full function keyboard 
and a serial interface. 


A raster scan CRT displays its images by generating a 
series of lines (raster) across the face of the tube. The 
electron beam usually starts at the top left hand comer 
moves left to right, back to the left of the screen, moves 
down one row and continues on to the right. This is re- 
peated until the lower right hand of the screen is reached. 
Then the beam returns to the top left hand comer and 
refreshes the screen. The beam forms a zigzag pattern as 
shown in Figure 2.1.0. 


Two independent operating circuits control this movement 
across the screen. The horizontal oscillator controls the 
left to right motion of the beam while the vertical controls 
the top to bottom movement. The vertical oscillator also 
tells the beam when to return to the upper left hand comer 
or "home" position. 
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As the electron beam moves across the screen under the 
control of the horizontal oscillator, a third circuit controls 
the current entering the electron gun. By varying the cur- 
rent, the image may be made as bright or as dim as the 
user desires. This control is also used to turn the beam 
off or "blank the screen" . 


When the beam reaches the right hand side of the screen, 
the beam is blanked so it does not appear on the screen 
as it returns to the left side. This "retrace" of the beam 
is at a much faster rate than it traveled across the screen 
to generate the image. 


The time it takes to scan the whole screen and return to 
the home position is referred to as a "frame". 
In the 
United States, commercial television broadcast uses a hor- 
izonal sweep frequency of 15,750Hz which calculates out 
to 63.5 microseconds per line. The frame time is equal 
to 16.67 milliseconds or 60Hz vertical sweep frequency. 


Although this is the commercial standard, many CRT dis- 
plays operate from 18KHz to 30KHz horizonatal fre- 
quency. As the horizontal frequency increases, the number 
of lines per frame increases. This increase in lines or 
resolution is needed for graphic displays and on special 
text editors that display many more lines of text than the 
standard 24 or 25 character lines. 


Since the United States operates on a 60Hz A.C. power 
line frequency, most CRT monitors use 60Hz as the ver- 
tical frequency. The use of 60Hz as the vertical frequency 
allows the magnetic and electrical variations that can mod- 
ulate the electron beam to be synchronized with the dis- 
play, thus they go unnoticed. If a frequency other than 
60Hz is used, special shielding and power supply regu- 


lating is usually required. Very few CRTs operate on a 
vertical frequency other than 60Hz due to the increase in 
the overall system cost. 


The CRT controller must generate the pulses that define 
the horizontal and vertical timings. On most raster scan 
CRTs the horizontal frequency may vary as much as 
500Hz without any noticeable effect on the quality of the 
display. This variation can change the number of hori- 
zontallines from 256 to 270 per frame. 


The CRT controller must also shift out the information to 
be displayed serially to the circuit thatcontrols the electron 
beam's intensity as it scans across the screen. The circuits 
that control the timing associated with the shifting of the 
information are known as the dot clock and the character 
clock. The character clock frequency is equal to the dot 
clock frequency divided by the number of dots it takes to 
form a character in the horizontal axis. The dot clock 
frequency is calculated by the following equation: 


Dot Clcok (Hz) = (N + R)*O*L*F 


where 


N is the number of displayed characters per row, 
R is the number of character times for the retrace, 
o IS the number of dots per character in the hori- 
zontal axis, 
L is the number of horizontal lines per frame, 
F is the frame rate in Hz. 


In this design N=80, 
R=20, 
0=7, 
L=270, 
and 
F=6OHz. Plugging in the numbers results in a dot clock 
frequency of ll.34MHz. 


The retrace number may vary on each design because it 
is used to set the left and right hand margins on the CRT. 
The number of dots per character is chosen by the designer 
to meet the system needs. In this design, a 5 x 7 dot matrix 
and 2 blank dots between each character (see Figure2.1.1) 
makes 0 equal to 5 +2 =7. 


The following equation can be used to figure the number 
of lines per frame: 


where 
H is the number of horizontal lines per character, 
Z is the number of character lines per frame, 
V is the number of horizontal line times during the 
vertical retrace 


In this design H is equal to the 7 horizontal dots per 
character plus 3 blank dots between each row which adds 
up to 10. Also 25 lines of characters are displayed, so 
Z = 25. The vertical retrace time is variable to set the top 
and bottom margins on the CRT and in this design is equal 2 
to 20. Plugging in the numbers gives L = 270 lines per 
frame. 


A keyboard is the common way a human enters commands 
and data to a computer. A keyboard consists of a matrix 
of switches that are scanned every couple of milliseconds 
by a keyboard controller to determine if one of the keys 
has been pressed. Since the keyboard is made up of me- 
chanical switches that tend to bounce or "make and 
break" contact everytime they are pressed, debouncing 
of the switches must also be a function of the keyboard 
controller. 
There are dedicated keyboard controllers 
available that do everything from scanning the keyboard, 
debouncing the keys, decoding the ASCII code for that 
key closure to flagging the CPU that a valid key has been 
depressed. The keyboard controller may present the in- 
formation to the CPU in parallel form or in a serial data 
stream. 


This Application Note integrates the function of the key- 
board controller into the 8051 which is also the terminal 
controller. Provisions have been made to interface the 
8051 to a keyboard that uses a dedicated keyboard con- 
troller. The 8051 can accept data from the keyboard con- 
troller in either parallel or serial format. 


Communication between a host computer and the CRT 
terminal can be in either parallel or serial data format. 
Parallel data transmission is needed in high end graphic 
terminals where great amounts of information must be 
transferred. 


One can rarely type faster than 120 words per minute, 
which corresponds to 12 characters per second or 1 char- 
acter per 83 milliseconds. The utilization of a parallel port 
cannot justify the cost associated with the drivers and the 
amount of wire needed to perform this transmission. Full 
duplex serial data transmission requires 3 wires and two 
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drivers to implement 
the communication 
channel between 
the host computer 
and the terminal. 
The data rate can be 
as high as 19200 BAUD in the asynchronous 
serial format. 
BAUD 
rate is the number 
of bits per second received 
or 
transmitted. 
In the asynchronous 
serial format, 
10 bits of 
information 
is required 
to transmit 
one character. 
One 
character 
per 500 microseconds 
or 1,920 characters 
per 


second would then be trasmitted 
using 
19.2 KBAUD. 


This application 
note uses the 8051 serial port configured 
for full duplex asynchronous 
serial data transmission. 
The 


software 
for the 8051 has been written to support variable 
BAUD rates from 150 BAUD up to 9.6 KBAUD. 


The 
8051 
is a single 
chip high-performance 
microcon- 


troller. 
A block 
diagram 
is shown 
in figure 3.0.0. 
The 
8051 combines 
CPU; Boolean 
processor; 
4K x 8 ROM: 
128 
x 
8 RAM; 
32 I/O lines; 
two 
16-bit timer/ 
event 
counters; 
a five-source, 
two-priority-Ievel, 
nested 
inter- 
rupt 
structure; 
serial 
110 port for either 
multiprocessor 
communications, 
I/O expansion, 
or full duplex 
UART; 
and on-chip 
oscillator 
and clock circuits. 
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Efficient use of program 
memory results from an instruc- 
tion set consisting 
of 49 single-byte, 
45 two-byte 
and 17 
three-byte 
instructions. 
Most 
arithmetic, 
logical 
and 
branching 
operations 
can be performed 
using an instruc- 
tion that appends either a short address or a long address. 
For example, 
branches 
may use either 
an offset 
that is 


relative 
to the program 
counter 
which takes two bytes or 


a direct 16-bit address which takes three bytes to perform. 
As a result, 64 instructions 
operate in one machine cycle, 


45 in two machine 
cycles, 
and the multiply 
and divide 


instruction 
execute 
in 4 machine 
cycles. 


The 8051 has five addressing 
modes for source operands: 


Register, 
Direct, 
Register-Indirect, 
Immediate, 
and 


Based-Register-plus 
Index-Register-Indirect 
Addressing. 


The Boolean 
Processor 
can be thought 
of as a separate 


one-bit 
CPU. 
It has its own accumulator 
(the carry bit), 


instruction 
set for data moves, 
logic, and control transfer, 


and 
its own 
bit 
addressable 
RAM 
and 
110. The 
bit- 
manipulating 
instructions 
provide 
optimum 
code 
and 


speed 
efficiency 
for handling 
on chip peripherals. 
The 


Boolean processor 
also provides 
a straight forward means 
of converting 
logic equations 
directly into software. 
Com- 
plex combinational 
logic functions can be resolved without 
extensive 
data 
movement, 
byte masking, 
and test-and- 
branch trees. 


The CPU manipulates 
operands 
in four memory 
spaces. 
These are the 64K-byte 
Program 
Memory, 
64K-byte 
Ex- 
ternal Data Memory, 
I28-byte Internal Data Memory, 
and 
128-byte 
Special 
Function 
Registers 
(SFRs). 
Four Reg- 
ister Banks (each with 8 registers), 
128 addressable 
bits, 


and the Stack reside in the internal Data RAM. The Stack 
size is limited 
only by the available 
Internal 
Data RAM 
and its location 
is determined 
by the 8-bit Stack Pointer. 


All registers 
except for the Program Counter and the four 
8-Register 
Banks reside in the SFR address space. These 
memory 
mapped 
registers 
include 
arithmetic 
registers, 
pointers, 
110 ports, and registers for the interrupt system, 
timers, 
and serial channel. 


Registers 
in the four 8-Register 
Banks can be addressed 
by 
Register, 
Direct, 
or 
Register-Indirect 
Addressing 
modes. 
The 
128 bytes of internal 
Data Memory 
can be 
addressed 
by Direct or Register-Indirect 
modes while the 
SFRs are only addressed 
directly. 


The 8051 has instructions 
that can treat the 32 110 lines 
as 32 individually 
addressable 
bits or as 4 parallel 
8-bit 
ports addressable 
as Ports 0, I, 2, and 3. 


Resetting 
the 8051 writes a logical I to each pin on port 0 
which 
places 
the output 
drivers 
into a high-impedance 
mode. Writing a logical 0 to a pin forces the pin to ground 
and sinks current. 
Re-writing 
the pin high will place the 
pin in either an open drain output or high-impedance 
input 
mode. 


Ports 
I, 2, and 3 are known 
as quasi-bidirectional 
110 
pins. Resetting 
the device writes a logical one to each pin. 
Writing a logical 0 to the pin will force the pin to ground 
and sink current. 
Re-writing 
the pin high will place the 
pin in an output mode with a weak depletion 
pullup FET 
or in the input 
mode. 
The 
weak 
pullup 
FET is easily 
overcome 
by a TIL 
output. 


Ports 
0 and 2 can also be used 
for off-chip 
peripheral 
expansion. 
Port 0 provides 
a multiplexed 
low-order 
ad- 
dress and data bus while Port 2 contains 
the high-order 
address 
when using external 
Program 
Memory 
or more 
than 256 byte external 
Data Memory. 


Port 3 pins can also be used to provide external interrupt 
request 
inputs, 
event counter 
inputs, 
the serial port TXD 


and RXD pins and to generate 
control 
signals 
used for 
writing and reading 
external 
peripherals. 


External 
events 
and the real-time-driven 
on-chip 
periph- 
erals require service by the CPU asynchronous 
to the ex- 
ecution 
of any particular 
section 
of code. 
A five-source, 
two-level, 
nested interrupt system ties the real time events 
to the normal program 
execution. 


The 8051 has two external interrupt sources, one interrupt 
from each of the two timer/counters, 
and an interrupt from 
the serial port. 
Each interrupt 
vectors 
the program 
exe- 
cution 
to its own unique 
memory 
location 
for servicing 
the interrupt. 
In addition, 
each of the five sources can be 2 


individually 
enabled 
or disabled 
as well as assigned 
to 
one of the two interrupt 
priority 
levels available 
on the 
8051. 
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Up to two additional 
external 
interrupts 
can be created by 
configuring 
a timer/counter 
to the event counter mode. In 
this mode the timer/counter 
increments 
on command 
by 
either the TO or TI pin. An interrupt 
is generated 
when 
the timer/counter 
overflows. 
Thus if the timer/counter 
is 
loaded 
with the maximum 
count, 
the next high-to-Iow 
transition of the event counter input will cause an inten upt 
to be generated. 


The 8051 's serial port is useful for linking peripheral 
de- 
vices as well as multiple 
8051 s through 
standard 
asyn- 
chronous 
protocols 
with full duplex operation. 
The serial 
port also has a synchronous 
mode for expansion 
of 110 
lines using shift registers. 
This hardware 
serial port saves 
ROM code and permits 
a much higher transmission 
rate 
than could be achieved 
through 
software. 
The processor 
merely needs to read or write the serial buffer in response 
to an interrupt. The receiver is double buffered to eliminate 
the possibility 
of overrun 
if the processor 
failed to read 
the buffer before the beginning 
of the next frame. 


The 
full duplex 
asynchronous 
serial 
port 
provides 
the 
means 
of communication 
with standard 
UART 
devices 
such as CRT terminals 
and printers. 


The reader should refer to the microcontroller 
handbook 
for a complete 
discussion 
of the 8051 
and its various 
modes of operation. 


The 8276's block diagram and pin configuration 
are shown 
in Figure 4.0.0. 
The following 
sections describe 
the gen- 
eral capabilities 
of the 8276. 
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~ 
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cs 


RASTER 
TIMING 
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CfP 
AND 
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VIDEO 
CONTROL 
LTEN 
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The 8276, 
having 
been programmed 
by the system 
de- 
signer for a specific screen format, 
generates 
a series of 
Buffer Ready signals. 
A row of characters 
is then trans- 
ferred by the system controller 
from the display memory 
to the 8276's 
row buffers. 
The row buffers 
are filled by 
deselecting 
the 8276 CS and asserting 
the BS and WR 
signals. 
The 8276 presents 
the character 
codes to an ex- 
ternal 
character 
generator 
ROM 
by 
using 
outputs 


CCo-CC6. 
The parallel data from the outputs of the char- 
acter generator 
is converted 
to serial information 
that is 
clocked 
by external 
dot timing logic into the video input 
of the CRT. 


The character 
rows are displayed 
on the CRT one line at 
a time. 
Line count outputs 
LCo-LC3 
select the current 
line information 
from the character 
generator 
ROM. The 
display process is illustrated 
in Figure 4.1.0. 
This process 


is repeated 
for each display character 
row. At the begin- 
ning of the last display row the 8276 generates an interrupt 
request by raising its INT output line. The interrupt request 


is used by the 8051 system 
controller 
to reinitialize 
its 


load buffer pointers 
for the next display refresh cycle. 


Proper CRT refreshing 
requires 
that certain 8276 param- 
eters be programmed 
at system 
initialization 
time. 
The 


8276 has two types of internal 
registers; 
the write only 
Command 
(CREG) and Parameter 
(PREG) Registers, 
and 
the read only Status Register 
(SREG). 
The 8276 expects 


to receive a command 
followed by 0 to 4 parameter 
bytes 


depending 
on the command. 
A summary 
of the 8276's 


instruction 
set is shown 
in Figure 
4.1.1. 
To access 
the 
registers, 
CS must be asserted along with WR or RD. The 


status of the C/P pin determines 
whether the command 
or 
parameter 
registers 
are selected. 


The 8276 
allows 
the designer 
flexibility 
in the display 
format. 
The display 
may be from 
I to 80 characters 
per 
row, 
I to 64 rows per screen, 
and I to 16 horizontal 
lines 


per character 
row. 
In addition, 
four curser 
formats 
are 


available; 
blinking, 
non-blinking, 
underline, 
and reverse 


video. The curser position 
is programmable 
to anywhere 
on the screen via the Load Curser command. 


The 8276 provides 
two timing outputs for controlling 
the 
CRT. The Horizontal 
Retrace Timing and Control (HRTC) 
and Vertical Retrace Timing and Control (VRTC) signals 
are used for synchronizing 
the CRT horizontal 
and vertical 
oscillators. 
A third output, 
VSP (Video 
Suppress), 
pro- 
vides a signal to the dot timing logic to blank the video 
signal during 
the horizontal 
and vertical 
retraces. 
LTEN 
(Light Enable) 
is used to provide 
the ability to force the 


video output high regardless 
of the state of the VSP signal. 


This feature is used to place the cursor on the screen and 
to control 
attribute 
functions. 


RVV (Reverse 
Video) output, 
if enabled, 
will cause the 
system to invert its video output. 
The fifth timing signal 
output, HLGT (highlight) 
allows the flexibility to increase 
the CRT beam intensity 
to a greater than normal level. 
. 
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NO. OF 
PARAMETER 
COMMAND 
BYTES 
NOTES 


RESET 
4 
Display format 
parameters 
required 


START 
0 
DMAoperation 
DISPLAY 
parameters 
included in 
command 


STOP 
0 
- 
- 
DISPLAY 


RED LIGHT 
2 
- 
PEN 


LOAD 
2 
Cursor X, Y position 
CURSOR 
parameters 
required 


ENABLE 
0 
- 
INTERRUPT 


DISABLE 
0 
- 
INTERRUPT 


PRESET 
0 
Clears all internal 
COUNTERS 
counters 


4.3 
Special Functions 


4.3.1 
Special Codes 


The 8276 recognizes 
four special codes that may be used 
to reduce 
memory. 
software, 
or system controller 
over- 


head. These characters 
are placed within the display mem- 


ory by the system controller. 
The 8276 performs 
certain 
tasks 
when 
these 
codes 
are received 
in its row buffer 


memory. 


1) End 
of Row 
Code 
- 
Activates 
VSP. 
VSP remains 


active until the end of the line is reached. 
While VSP 
is active the screen is blanked. 


2) End Of Row-Stop 
Buffer Loading 
Code - 
Causes the 
Buffer 
Ready 
control 
logic to stop requesting 
buffer 
transfers 
for the rest of the row. It affects the display 
the same as End of Row Code. 


3) End Of Screen 
Code - 
Activates 
VSP. VSP remains 
active until the end of the frame is reached. 


4) End Of Screen-Stop 
Buffer Loading 
Code - 
Causes 


the Buffer Ready control 
logic to stop requesting 
buffer 


transfers 
until the end of the frame is reached. 
It affects 


the display the same way as the End of Screen code. 


4.3.4 
Programmable Buffer Loading 
Control 


The 8276 can be programmed 
to request 
I, 2, 4, or 8 


characters 
per Buffer load. The interval between 
loads is 


also programmable. 
This allows the designer the flexibility 


to tailor 
the buffer 
transfer 
overhead 
to fit the system 


needs. 


Each scan line requires 
63.5 microseconds. 
A character 


line consists of 10 scan lines and takes 635 microseconds 
to form. 
The 8276 row buffer 
must be filled within the 


635 microseconds 
or an under 
run condition 
will occur 


within the 8276 causing the screen to be blanked until the 
next vertical retrace. This blanking will be seen as a flicker 
in the display. 


A fully functional, 
microcontroller-based 
CRT terminal 
was designed and constructed 
using the 8051 and the 8276. 


The terminal 
has many of the functions 
that are found in 
commercially 
available 
low cost terminals. 
Sophisticated 


features 
such as programmable 
keys can be added easily 


with modest amounts 
of software. 


The 805I's 
functions 
in this application 
note include: up 
to 9.6K BAUD 
full duplex serial transmission; 
decoding 


special messages 
sent from the host computer; 
scanning, 


debouncing, 
and decoding 
a full function keyboard; 
writ- 
ing to the 8276 row buffer from the display RAM without 
the need for a DMA controller; 
and scrolling the display. 


The 8276 CRT controller's 
functions 
include: 
presenting 


the data to the character 
generator; 
providing 
the timing 


signals needed for horizontal 
and vertical retrace; and pro- 


viding blanking 
and video information. 


Since the device count relates to costs, size, and reliability 
of a system, 
arriving 
at a minimum 
device count without 


degrading 
the performance 
was a driving 
force for this 


application 
note. 
LSI devices 
were used where possible 


to maintain a low chip count and to make the design cycle 
as short as possible. 


PUM-5l 
was chosen to generate 
the majority 
of the soft- 
ware 
for this application 
because 
it models 
the human 
thought 
process 
more 
closely 
than 
assembly 
language. 


Consequently 
it is easier and faster to write programs using 
PUM-5l 
and the code is more likely to be correct because 


less chance exists to introduce 
errors. 


PUM-51 
programs 
are easier 
to read 
and follow 
than 
assembly 
language 
programs, 
and thus are easier to mod- 
ify and customize 
to the end user's 
application. 
PUM-51 
also offers lower development 
and maintenance 
costs than 
assembly 
language 
programming. 


PUM-51 
does have a few drawbacks. 
It is not as efficient 
in code generation 
relative to assembly 
language and thus 
may also run slower. 


This application 
note uses the 8051' s interrupts to control 
the servicing 
of the various peripherals. 
The speed of the 
main program 
is less critical if interrupts 
are used. In the 
last two application 
notes on terminal 
controllers, 
a cri- 
terion of the system 
was the time required 
for receiving 
an incoming 
serial byte, decoding 
it, performing 
the func- 
tion requested, 
scanning 
the keyboard, 
debouncing 
the 
keys, 
and transmitting 
the decoded 
ASCII code must be 
less than the vertical refresh time. Using the 8051 and its 
interrupts 
makes this time constraint 
irrelevant. 


The design 
specifications 
for the CRT terminal 
design is 
as follows: 


Display 
Format 


• 
80 characters/display 
row 
• 
25 display 
lines 


Character 
Format 


• 
5 x 
7 character 
contained 
within a 7 x 
10 frame 
• 
First and seventh 
columns 
blanked 
• 
Ninth line curser position 
• 
Programmable 
delay blinking 
underline 
curser 


Control 
Characters 
Recognized 


• 
Backspace 
• 
Linefeed 
• 
Carriage 
Return 
• 
Form Feed 


Escape 
Sequences 
Recognized 


• 
ESC A, Curser up 
• 
ESC B, Curser down 
• 
ESC C, Curser right 
• 
ESC D, Curser left 
• 
ESC E, Clear screen 
• 
ESC F, Move addressable 
curser 
• 
ESC H, Home curser 
• 
ESC J, Erase from curser to the end the screen 
• 
ESC K, Erase the current 
line 


Characters 
Displayed 


• 
96 ASCII Alphanumeric 
Characters 


Characters 
Transmitted 


• 
96 ASCII Alphanumeric 
Characters 
• 
ASCII Control 
Character 
Set 
• 
ASCII Escape 
Sequence 
Set 
• 
Auto Repeat 


Display 
Memory 


• 
2K 
x 
8 static RAM 


Data Rate 


• 
Variable 
rate from 150 to 9600 BAUD 


CRT Monitor 


• 
Ball Bros TV-I2, 
12MHZ Black and White 


Keyboard 


• 
Any standard 
undecoded 
keyboard 
(2 key lock-out) 
• 
Any standard decoded keyboard 
with output enable pin 
• 
Any standard decoded serial keyboard up to 150 BAUD 


Scrolling 
Capability 


Compatible 
With Wordstar 


A block diagram 
of the CRT terminal 
is shown in figure 
6.0.0. 
The diagram 
shows only the essential 
system fea- 
tures. 
A detailed 
schematic 
of the CRT terminal 
is con- 
tained in the Appendix 
7.1. 


The "brains" 
of the CRT terminal 
is the 8051 microcon- 
troller. The 8276 is the CRT controller 
in the system, 
and 
a 2716 
EPROM 
is used as the character 
generator. 
To 
handle 
the high speed portion 
of the CRT, 
the 8276 is 


surrounded 
by a handful ofTTL 
devices. 
A 2K x 8 static 
RAM was used as the display 
memory. 


Following 
the system 
reset, 
the 8276 
is initialized 
for 
curser 
type, 
number 
of characters 
per line, 
number 
of 
lines, and character 
size. The display RAM is initialized 
to all "spaces" 
(ASCII 
20H). The 8051 then writes ihe 


"start display" 
command 
to the 8276. The local/line input 
is sampled to determine 
the terminal mode. If the terminal 
is on-line, 
the BAUD rate switches are read and the serial 
port is set up for full duplex UART mode. The processor 
then is put into a loop waiting 
to service 
the serial port 
fifo or the 8276. 


The serial port is programmed 
to have the highest priority 
interrupt. 
If the serial port generates 
an interrupt, 
the pro- 
cessor reads the buffer, 
puts the character 
in a generated 
fifo that resides 
in the 805I's 
internal 
RAM, 
increments 
the fifo pointer, 
sets the serial interrupt 
flag and returns. 
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SERIAL 


COMMUNICATlONS 


CHANNEL 


The main program 
determines 
if it is a displayable 
char- 
acter, a Control word or an ESC sequence and either puts 
the character 
in the display buffer or executes 
the appro- 
priate command 
sent from the host computer. 


If the 8276 needs servicing, 
the 8051 fills the row buffer 
for the CRT display's 
next line. If the 8276 generates 
a 
vertical 
retrace interrupt, 
the buffer pointers 
are reloaded 
with the display 
memory 
location that corresponds 
to the 
first character 
of the first display 
line on the CRT. 
The 
vertical retrace also signals the processor 
to read the key- 
board for a key closure. 


The following 
section describes 
the unique characteristics 
of this design. 


The display RAM, 8276 registers, 
and the 8276 row buff- 
ers are memory 
mapped 
into the external 
data RAM ad- 
dress area. The addresses 
are as follows: 


Read and Write External 
Display 
RAM - 
Address 
lOOOH to 17CFH 
Write to 8276 row buffers 
from Display 
RAM - 
Address 
1800H to IFCFH 
Write to 8276 Command 
Register 
(CREG) 
- 
Address 
OOO!H 
Write to 8276 Parameter 
Register 
(PREG) - 
Address 
OOOOH 
Read from 8276 Status 
Register 
(SREG) - 
Address 
OOOIH 


Three general cases can be explored; 
reading and writing 
the display 
RAM, 
writing 
to the 8276 row buffers, 
and 
reading 
and writing the 8276's 
control 
registers. 


As mentioned 
previously 
the 8051 fills the 8276 row buffer 
without 
the need of a DMA 
controller. 
This is accom- 
plished by using a Quad 2-input multiplexor 
(Figure 6.1.0) 


as the transfer 
logic 
shown 
in the block 
diagram. 
The 
address 
line, 
P2.3, 
is used 
to select 
either 
of the two 
inputs. When the address line is low the RD and WR lines 
perform 
their normal functions, 
that is read and write the 
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Figure 6.1.0 
Simplified Version Of The Transfer Logic 
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8276 or the external display RAM depending 
on the states 


of their re~ctive 
chip selects. 
If the address line is high, 


the 8051 RD line is transformed 
into BS and WR signals 
for the 8276. 
While 
holding 
the address 
line high, 
the 
8051 executes 
an external 
data move (MOVX) 
from the 
display RAM to the accumulator 
which causes the display 


RAM to output the addressed byte onto the data bus. Since 
the multiplexor 
turns the same 8051 RD pulses into BS 
and WR pulses to the 8276, the data bus is thus read into 
the 8276 
as a Buffer 
transfer. 
This 
scheme 
allows 
80 
characters 
to be transferred 
from the display 
RAM into 
the 8276 within 
the required 
character 
line time of 635 
microseconds. 
The 8051 easily meets this requirement 
by 


accomplishing 
the task within 350 microseconds. 


Throughout 
this project, 
provision 
have 
been 
made 
to 
make the overall 
system flexible. 
The software 
has been 
written 
for various 
keyboards 
and the user simply needs 
to link different 
program 
modules 
together 
to suit their 
needs. 


8051 
DATA 
BUS 


Incorporating 
an undecoded 
keyboard 
controller 
into the 
other functions 
of the 8051 shows the flexibility 
and over 
all CPU power that is available. 
The keyboard 
in this case 
is a full function, 
non-buffered 
8 x 8 matrix of switches 


for a total of 64 possible 
keys. The 8 send lines are con- 
nected 
to a 3-to-8 
open-collector 
decoder 
as shown 
in 
Figure 6.1.1. 
Three high order address lines from the 8051 
are the decoder 
inputs. 
The enabling 
of the decoder 
is 


accomplished 
through 
the use of the PSEN 
signal from 
the 8051 
which 
makes 
the architecture 
of the separate 
address 
space for the program 
memory 
and the external 
data RAM 
work for us to eliminate 
the need to decode 
addresses externally. 
The move code (MOVC) instruction 
allows each scan line of the keyboard 
to be read with one 
instruction. 


The keyboard 
is read by bringing 
one of the eight scan 
lines low sequentially 
while reading the return lines which 
are pulled 
high 
by an external 
resistor. 
If a switch 
is•• 


closed, 
the data bus line is connected 
through the switch 
to the low output of the decoder 
and one of the data bus 
lines will be read as a O. By knowing 
which 
scan line 
detected 
a key closure 
and which data bus line was low, 
the ASCII code for that key can easily be looked up in a 
matrix 
of constants. 
PUM-51 
has the ability 
to handle 
arrays 
and structured 
arrays, 
which makes the decoding 
of the keyboard 
a trivial task. 


Since the Shift, Cap Lock, and Control keys may change 
the ASCII code for a particular 
key closure, 
it is essential 
to know the status of these pins while decoding 
the key- 
board. 
The Shift, Cap Lock, and Control keys are there- 
fore not scanned 
but are connected 
to the 8051 port pins 
where they can be tested for closure directly. 


The 8 receive lines are connected 
to the data bus through 
germanium 
diodes 
which 
chosen 
for their low forward 
voltage 
drop. The diodes 
keep the keyboard 
from inter- 
fering with the data bus during the times the keyboard 
is 
not being read. The circuit consisting of the 3-to-8 decoder 
and the diodes 
also offers 
some protection 
to the 8051 
from possible 
Electrostatic 
Discharge 
(ESD) damage that 
could be transmitted 
through the keyboard. 


A decoded keyboard can easily be connected 
to the system 
as shown 
in Figure 6.1.2. 
Reading 
the keyboard 
can be 
evoked 
either by interrupts 
or by software 
polling. 


The software to periodically 
read a decoded keyboard was 
not written 
for this application 
note but can be accom- 
plished 
with 
one 
or 
two 
PUM-51 
statements 
in the 
READER 
routine. 


A much more interesting 
approach 
would be to have the 
servicing 
of the keyboard 
be interrupt 
driven. 
An addi- 
tional external 
interrupt 
is created 
by configuring 
timer/ 


counter 
0 into an event 
counter. 
The event 
counter 
is 


initialized 
with the maximum 
count. 
The keyboard 
con- 
troller 
would inform 
the 8051 that a valid key has been 
depressed 
by pulling 
the input pin TO low. This would 
overflow the event counter, 
thus causing an interrupt. 
The 
interrupt 
routine 
would 
simply 
use a MOVC 
(PSEN 
is 
connected 
to the output enable pin of the keyboard 
con- 
troller) to read the contents of the keyboard controller onto 
the data bus, reinitialize 
the counter to the maximum count 
and return from the interrupt. 


The 
use of detachable 
keyboards 
has become 
popular 
among the manufacturers 
of keyboards 
and personal com- 
puters. 
This terminal 
has provisions 
to use such a key- 
board. 


The 
keyboard 
controller 
would 
scan the keyboard, 
de- 
bounce 
the key and send back the ASCII code for that 
key closure. 
The message 
would be in an asynchronous 
serial format. 


The flowchart for a software serial port is shown in Figure 
6.1.3. 
An additional 
external 
interrupt 
is created 
as dis- 
cussed for the decoded 
keyboard 
but the use in this case 
would be to detect a start bit. Once the beginning 
of the 
start bit has been detected, 
the timer/counter 
0 is config- 
ured to become 
a timer. The timer is initialized 
to cause 
an interrupt 
one-half 
bit time after the beginning 
of the 
start bit. This is to validate the start bit. Once the start bit 
is validated, 
the timer is initialized 
with a value to cause 
an interrupt 
one bit time later to read the first data bit. 


This process 
of interrupting 
to read a data bit is repeated 
until all eight data bits have been received. 
After all 8 
data bits are read, 
the software 
serial port is read once 
more to detect 
if a stop bit is present. 
If the stop bit is 
not present, 
an error flag is set, all pointers 
and flags are 
reset to their initial values, 
and the timer/counter 
is re- 
configured 
to an event counter to detect the next start bit. 


If the stop bit is present, 
a valid flag is set and the flags 
and counter 
are reset as previously 
discussed. 


KEYBOARD 
8051 
CONTROLLER 
SCAN 
BUS 
PORTO 


DATA 


READY 
TO 


RECEIVE 
CS 
PSEN 


The 
requirements 
for the 
BALL 
BROTHERS. 
TV-12 
monitor's 
operation 
is shown 
in table 6.1.0. 
From the 
monitor's 
parameters, 
the 8276 specifications 
and the sys- 
tem target specifications 
the system timing is easily cal- 
culated. 
' 


The 8276 allows the vertical retrace to be only an integer 
multiple of the horizontal 
character lines. Twenty:five 
dis- 
play lines and a character 
frame of 7 x 
10 are required 
from the target specification 
which will require 250 hor- 
izontal 
lines. 
If the horizontal 
frequency 
is to be within 


500 Hz of 15,750 Hz, we must choose either one or two 
character 
line times for horizontal 
retrace. 
To allow for a 
little more margin 
at the top and bottom 
of tile scrllen, 
two character 
line times was chosen 
for the vertical 
re- 
trace. This choice yields 250 + 20 = 270 total character 
lines 
per frame. 
Assuming 
60 Hz vertical 
retrace 
fre- 
quency: 


60 Hz * 270 = 16,200 Hz horizontal 
frequency 
and 


1116,200 Hz * 20 horizontal 
sync times 
= 1.2345 mil- 
liseconds 
' 
. 


PARAMETER 
RANGE 
Vertical Blanking Time 
800 j.LSecnominal 
(VRTC) 


Vertical Drive Pulsewidth 
300 j.LSec,., PW ,., 1.4 ms 


Horizontal Blanking Time 
II j.LSecnominal 
(HRTC) 


Horizontal Drive Pulsewidth 
25 /Lsec,., PW ,., 30 /Lsec 


Horizontal Repetition Rate 
15,750 ±500 pps 


The 1.2345 milliseconds of retrace time meets the nominal 
VRTC and vertical drive pulse width time of .3mSec to 
l.4mSec for the Ball monitor. 


The next parameter to find is the horizontal retrace time 
which is wholly dependent on the monitor used. Usually 
it lies between 15 and 30 percent of the total horizontal 
line time. 


Since most designs display a fixed number of characters 
per line it is useful to express the horizontal retrace time 
as a given number of character times. In this design, 80 
characters are displayed, and it was experimentally found 
that 20 character times for the horizontal retrace gave the 
best results. It should be noted if too much time was given 
for retrace, there would be less time to display the char- 
acters and the display would not fill out the screen. Con- 
versely, if not enough time is given for retrace, the char- 
acters would seem to run off the screen. 


One hundred character times per complete horizontal line 
means that each character needs: 


If we multiply the 20 character times needed to retrace 
by 617.3 nanoseconds needed for each character, we find 
12.345 microseconds are allocated for retrace. This value 
falls short of the 25 to 30 microseconds required by the 
horizontal drive of the Ball monitor. To correct for this, 
a 74LSl23 one-shot was used to extend the horizontal 
drive pulse width. 


The dot clock frequency is easy to calculate now that we 
know the horizontal frequency. Since each character is 
formed by seven dots in the horizontal axis, the dot clock 
period would be the character clock (617.3 nanoseconds) 
divided by the 7 which is equal to 11.34 MHz. The basic 
dot timing and CRT timing are shown in the Appendix. 


6.2 
Software Description 


6.2.1 
Software Overview 


The software for this application was written in a "fore- 
ground-background" format. The background programs 
are all interrupt driven and are written in assembly lan- 
guage due to time constraints. The foreground programs 
are for the most part written in PUM-51 to ease the pro- 
gramming effort. A number of subroutines are written in 
assembly language due to time constraints during exe- 
cution. Subroutines such as clearing display lines, clearing 
the screen, and scanning the keyboard require a great deal 
of 16 bit adds and compares and would execute much 
slower and would require more code space if written in 
PUM-51. The background and foreground programs talk 
to each other through a set of flags. For example, the 
PUM-51 foreground program tests "SERIAL$INT" 
to 
determine if a serial port interrupt had occurred and a 
character is waiting to be processed. 


Two interrupt driven routines, VERT and BUFFER, (see 
Fig. 6.2.0) request service every 16.67 milliseconds and 
617 microseconds respectively. VERT's request comes 
during the last character row of the display screen. This 
routine resets the buffer pointers to the first CRT display 
line in the display memory. VERT is also used as a time 
base for the foreground program. VERT sets the flag, 
SCAN, to tell the foreground program (PUM-5l) that it 
is time to scan the Keyboard. VERT also increments a 
counter used for the delay between transmitting characters 
in the AUTOSREPEAT routine. 


The BUFFER routine is executed once per character row. 
BUFFER uses the multiplexor discussed earlier to fill the 
8276's row buffer by executing 80 external data moves 
and incrementing the Data Pointer between each move. 


RE-INITIAllZE 


827& 
ROW BUFFER 


POINTER 
TO THE 
TOP OF THE 


DISPLAY 


Figure 6.2.0 
Flowcharts For 
VERT and BUFFER Routine 


The MOVX 
reads the display 
RAM and writes the char- 
acter into the row buffer during the same instruction. 


SERBUF 
is an interrupt 
driven 
routine 
that is executed 
each time a characte( 
is received 
or transmitted 
through 
the on-chip 
serial 
port. 
The routine 
first checks 
if the 
interrupt was caused by the transmit side of the serial port, 
signaling 
that the transmitter 
is ready to accept 
another 


character. 
If the transmitter 
caused the interrupt, 
the flag 


"TRANSMIT$INT" 
is set which is checked 
by the fore- 
ground 
program 
before 
putting 
a character 
in the buffer 
for transmission. 


If the receiver 
caused 
the interrupt, 
the input buffer on 
the serial port is read and fed into the fifo that has been 
manufactured 
in the internal RAM and increments 
the fifo 
pointer 
"FIFO." 
The flag "SERIAL$INT" 
is then set, 


telling the foreground 
program 
that there is a character 
in 
the fifo to be processed. 
If the read character 
is an ESC 
character, 
the flag "ESCSEQ" 
is set to tell the foreground 
program that an escape sequence 
is in the process of being 
received. 


The foreground 
program 
is documented 
in the Appendix. 


The foreground 
program starts off by initializing 
the 8276 


as discussed 
earlier. 
After all variables 
and flags are ini- 


tialized, 
the processor 
is put into a loop waiting for either 
VERT to set SCAN so the program can scan the keyboard, 
or for the serial port to set SERIAL$INT 
so the program 
can process 
the incoming 
character. 


The 
vertical 
retrace 
is used to time 
the delay 
between 


keyboard 
scans. 
When VERT gets set, tbe assembly 
lan- 
guage 
routine 
READER 
is called. 
READER 
scans tbe 


keyboard, 
writing 
each scan into RAM to be processed 


later. 
READER 
controls 
two flags, KEYO and SAME. 


KEYO is set when all 8 scans determine 
that no key is 


pressed. 
SAME is set when the same key that was pressed 
last time the keyboard 
was read is still pressed. 


After READER 
returns 
execution 
to the main program, 
2 


the flags are tested. 
If the KEYO 
flag is set the main 
program 
goes back to the loop waiting 
for the vertical 
retrace 
or a serial port interrupt 
to occur. 
If the SAME 


flag is set the main program 
knows 
that the closed 
key 


has been debounced 
and decoded 
so it sends the already 


known ASCII code to the AUTO$REPEAT 
routine which 
determines 
if that character 
should be transmitted 
or not. 


If KEYO and SAME are not set, signifying 
that a key is 


pressed but it is not the same key as before, the foreground 
program determines 
if the results from the scan are valid. 


First all eight scans are checked 
to see if only one key 


was closed. 
If only one key is closed, 
the ASCII code is 


determined, 
modified if necessary 
by the Shift, Cap Lock, 


or Control 
keys. 
The NEW$KEY 
and VALID 
flags are 


then set. The next time READER 
is called, 
if the same 


key is still pressed, 
the SAME 
flag will be set, causing 


the AUTO$REPEAT 
subroutine 
to be called as just dis- 
cussed. 
Since 
the keyboard 
is read during 
the vertical 


retrace, 
16.67 milliseconds 
has elapsed 
between 
the de- 


tection of the pressed 
key and reverifying 
thai the key is 


still pressed 
before 
transmitting 
it, thus effectively 
de- 
bouncing 
the key. 


The AUTO$REPEAT 
routine 
is written 
to transmit 
any 


key that the NEW$KEY 
flag is set for. The counter 
that 


is incremented 
each time the vertical 
refresh 
interrupt 
is 


serviced 
causes 
a programmable 
delay between 
the first 
transmission 
and 
subsequent 
auto 
repeat 
transmission. 


Once 
the NEW$KEY 
character 
is sent, 
the counter 
is 
initialized. 
Each 
time 
the 
AUTO$REPEAT 
routine 
is 


called, 
"the counter 
is checked. 
Only 
when 
the counter 
overflows 
will the next character 
be transmitted. 
After the 


initial delay, 
a character 
will be transmitted 
every other 
time 
the routine 
is called 
as long 
as the key remains 


pressed. 


One of the criteria 
for this application 
note was to make 


the software 
less time dependent. 
By creating 
a fifo to 


store incoming 
characters 
until the 8051 has time to pro- 


cess 
them, 
software 
timing 
becomes 
less critical. 
This 
application 
note 
uses 
up 
to 
8 
levels 
of 
the 
fifo 
at 
9.2KBAUD, 
and 
I level at 4.8KBAUD 
and lower. 
As 
discussed earlier, the interrupt service routine for the serial 
port uses the fifo to store incoming 
data, increments 
the 
fifo pointer, 
"FIFO", 
and sets SERIAL$INT 
to tell the 
main program that the fifo needs servicing. 
Once the main 
program 
detects 
that 
SERIAL$INT 
is set 
the 
routine 
DECIPHER 
is executed. 


DECIPHER 
has three separate 
blocks; a block for decod- 
ing displayable 
characters, 
a block for processing 
Escape 
sequences, 
and a block for processing 
Control codes. Each 
block works on the fifo independently. 
Before exiting 
a 
block, the contents of the fifo are shifted up by the amount 
of characters 
that were processed 
in that particular 
block. 
The shifting 
of the characters 
insures 
that the beginning 
of the fifo contains 
the next character 
to be processed. 
FIFO 
is then decremented 
by the number 
of characters 
processed. 


Let's 
look at this process 
more closely. 
Figure 6.2.I-A 
shows a representation 
of a fifo containing 
5 characters. 
The first three characters 
in the fifo contain 
displayable 
characters, 
A, B, and C respectively 
with the last two 
characters 
being an ESC sequence 
for moving the curser 
up one line (ESC A) and FIFO points to the next available 
location to be filled by the serial port interrupt routine, 
in 
this case, 
5. 


TOP---. 
41H(A) 
41H (A) 


42H (B) 
42H (B) 


43H (C) 
43H (C) 


lBH (ESC) 
TOP---. 
lBH (ESC) 


41H(A) 
41H (A) 


FIFO---. 
FIFO-.. 


(A) 
(B) 


TOP---. 
lBH (ESC) 


41H(A) 
FIFO-.. 


When DECIPHER 
is executed, 
the first block begins look- 
ing at the first character 
of the fifo for a displayable 
char- 
acter. If the character 
is displayable, 
it is placed into the 
display RAM and the software pointer "TOP" 
that points 
to the character 
that is being processed 
is incremented 
to 
the next character. 
The character 
is then looked at to see 
if it too is displayable 
and if it is, it's placed in the display 
RAM. The process of checking 
for displayable 
characters 
is continued 
until either 
the fifo is empty 
or a non-dis- 
playable character 
is detected. 
In our example, 
three char- 
acters 
are placed 
into the display 
RAM 
before 
a non- 
display able character 
is detected. 
At this point the fifo 
looks like figure 6.2.I-B. 


Before entering 
the next block, the remaining 
contents of 
the fifo between 
TOP, 
that is now pointing 
to IBH and 
(FIFO-I) 
are moved up in the fifo by the amount of char- 
acters processed, 
in this example 
three. TOP is reset to 0 
and FIFO is decremented 
by 3. The serial port interrupt 
is inhibited 
during 
the time the contents 
of the fifo and 
the pointers 
are being 
manipulated. 
The fifo now looks 
like figure 6.2.I-C. 


The execution 
is now passed to the next block that pro- 
cesses 
ESC 
sequences. 
The first location 
of the fifo is 
examined 
to see if it is an ESC character 
(lBH). 
If not, 


the execution 
is passed to the next block of DECIPHER 
that processes 
Control 
codes. 
In this case the fifo does 
contain 
an ESC code. 
The flag ESC$SEQ 
is checked 
to 
see if the 8051 
is in the process 
of receiving 
an ESC 
sequence thus signifying 
that the next byte of the sequence 
has not been received yet. If the ESC$SEQ 
is not set, the 
next character 
in the fifo is checked 
for a valid escape 
code and the proper 
subroutine 
is then called. 
The fifo 
contents 
are then 
shifted 
as discussed 
for the previous 
block. 
Due to the length of time that is needed to execute 
an ESC code sequence 
or a Control 
code, only one ESC 
code 
and/or 
Control 
code 
can be processed 
each 
time 
DECIPHER 
is executed. 


If at the end of the DECIPHER 
routine, 
FIFO contains 
a 
0, the flag SER$INT 
is reset. 
If SER$INT 
remains 
set, 
DECIPHER 
will be executed 
immediately 
after returning 
to the main program 
if SCAN had not been set during the 
execution 
of the DECIPHER 
routine, 
otherwise 
DECI- 
PHER will be called after the keyboard 
is read. 


The curser 
always 
points to the next location 
in display 
memory 
to be filled. 
Each time a character 
is placed 
in 
the display memory, 
the curser position needs to be tested 
to determine 
if the curser 
should 
be incremented 
to the 
beginning 
of the next line of the display or simply moved 
to the next position on the current display line. The curser 
position 
pointers 
are then updated 
in both the 8276 and 
the internal registers 
in the 8051. 


When 
the 2000th 
character 
is entered 
into the display 


'memory, 
a full display 
page has been reached 
signaling 


the need for the display 
to scroll. 
The memory 
pointer 


that points to the display 
memory 
that contains 
the first 


character of the first display line, LINED, prior to scrolling 
contains 
1800H which is the starting address of the display 
memory. 
Each scrolling operation adds 80 (SOH) to LINED 
which will now point to the following 
row in memory as 


shown in figure 6.2.2-B. 
LINED is used during the vertical 


MEMORY 


LOCATION 


184FH 


MEMORY 


LOCATION 


1F80M 


LINEO 


MEMORY 


LOCATION 


18AOH 


refresh routine to re-initialize 
the pointers associated 
with 
filling the 8276 row buffers. 


The display 
memory 
locations 
that were the first line of 
the CRT display 
now becomes 
the last line of the CRT 
display. 
Incoming 
characters 
are now entered 
into the 
display 
memory 
starting 
with 
1800H, 
which 
is now the 
first character 
of the last line of the display 
screen. 


LINEO 


MEMORY 


LOCATION 


1850H 


LINEO 


M.EMORY 


LOCATION 


18FOH 
• 


The use of interrupts to tie the operation 
of the foreground 
program to the real-time events of the background 
program 
has made the software timing non-critical 
for this system. 


Following 
the system 
reset, 
the 8051 initializes 
all on- 
chip peripherals 
along 
with the 8276 
and display 
ram. 
After initialization, 
the processor 
waits until the fifo has 
a character 
to process or is flagged that it is time to scan 
the keyboard. 
This foreground 
program is interrupted once 
every 617 microseconds 
to service the 8276 row buffers. 


The 8051 is also interrupted 
each 
16.67 milliseconds 
to 
re-initialize 
LINEO and to flag the foreground 
program to 
read the keyboard. 


As discussed earlier, a special technique of rapidly moving 
the contents 
of the display RAM to the 8276 row buffers 
without 
the need of a DMA device 
was employed. 
The 
characters 
are then synchronously 
transferred 
to the char- 
acter generator 
via CCO-CC6 
and LCO-LC2 
which 
are 
used to display one line at a time. Following 
the transfer 
of the first line to the dot timing 
logic, 
the line count is 
incremented 
and the second line is selected. 
This process 


continues 
until the last line of the character 
is transferred. 


The dot timing 
logic latches 
the ouput 
of the character 
ROM in a parallel in, serial out synchronous 
shift register. 


The shift register's 
output constitutes 
the video informa- 
tion to the CRT. 
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R 
B 


C 
5 
-.C 
0011 
ETX 
DC3 
= 
3 
C 
5 
C 
5 
0 
T 
"'-0 
0100 
EOT 
~ 
$ 
4 
0 
T 
0 
T 


E 
U 
0101 
ENQ 
NAK 
% 
5 
E 
U 
E 
U 
CLR 
E 


F 
V 
0110 
ACK 
9YN 
& 
6 
F 
V 
F 
V 


0111 I~~~(t.ETB 
w 
7 
G 
W 
G 
W 
G1IIIft 
CAN 


X 
( 
6 
H 
X 
H 
X 
HOME 
H 


I 
Y 
1001 
HT 
EM 
) 
9 
I 
Y 
I 
Y 


J 
Z 
1010 
LF 
5UB 
: 
J 
Z 
J 
Z 
E05 
I 


K •••••• 
~.···Hf.• 
1011 
VT 
+ 
; 
K 
( 
K 
EL 
J 


L 
1100 
FF 
F5 
L 
L 


..•..~ 
II 
1101 
G5 
- 
= 
M 
) 
M 


N 
\ 


1110 
50 
R5 
N 
/I 
N 


0 


1111 
51 
US 
- 
I 
? 
0 
- 
0 


As previously 
mentioned, 
the character 
generator 
used in 
this terminal 
is a 2716 EPROM. 
A IK by 8 device would 
have been sufficient since a 128 character 5 by 7 dot matrix 
only requires 8K of memory. 
A custom character set could 
have been stored in the second IK bytes of the 2716. Any 
of the free I/O pins on the 8051 could have been used to 
switch between 
the character 
sets. 


The three low-order 
line count outputs 
(LCo-LC2) 
from 
the 8276 are connected 
to the three low-order address lines 


of the character 
generator. 
The CCo-CC6 
output lines are 
connected 
to the A3-A9 
lines of the character 
generator. 


The output 
of the character 
generator 
is loaded 
into the 


shift register. 
The serial output of the shift register 
is the 
video output to the CRT. 


Let's 
assume that the letter "E" 
is to be displayed. 
The 


ASCII 
code for "E" 
(45H) 
is presented 
to the address 


lines A2-A9 
of the character 
generator. 
The scan lines 


(LCo-LC2) 
will now count from 0 to seven to form the 


character 
as shown in Figure 7.5.0. 
The same procedure 


is used to form all 128 possible 
characters. 
For reference 


Appendix 
7.6 contains 
the HEX dump of the character 
generator 
used in this terminal. 


45H = 01000101 
Address 
to Prom = 01000101 
= 228H 
- 
22FH 
Depending 
on state of Scan 
lines. 


Rom Address 
228H 
229H 
22AH 
22BH 
22CH 
22DH 
22EH 
22FH 


Rom Hex Output 
3E 
0 
02 
02 
OE 
02 
02 
3E 
00 


Bit Output' 
1234567 


Bits 0, 6 and 7 are not used. 


'note 
bit output is backward 
from convention. 


· AP-223 


In this design 
it was assumed 
that the CRT monitor 
re- 
quired 
a separate 
horizontal 
drive, 
vertical 
drive, 
and 
video 
input. 
Many 
monitors 
require 
a composite 
video 
signal. The schematic 
shown in Figure 7.7.0 illustrate how 
to generate a composite 
video from the output of the 8276. 


The dual one-shots 
are used to provide a small delay and 
the proper horizontal 
and vertical pulse to the composite 
video monitor. 
The delay introduced 
in the horizontal 
and 
vertical 
timing is used to center the display. 
The 7486 is 


used to mix the vertical 
and horizontal 
retrace. 
QI mix 


the video 
and retrace 
signals 
along 
with providing 
the 


proper D.C. 
levels. 


•••• **. 
**••*•• 
******* 


*.* •••• 
••••••• 
•••••*. 
••••••• 
* •••••• 
••••••••••••••••••••••••••••••••• 
*•••••••• 
*•••••• ** •••••••••••• 
*•••••• 
*•••••••• 
•• *•••••••••••• 
*•••••• 
** •••• *•••••• ** •••• ** •••••••••••••••••••••••••••••••••••• 


MEM)R'{MAP ASSCCIATEIl WITH PERIFHERAL DEVICES (USING Kl\IX): 


8051 
WRAND READ DISPLAY RAM- 
lIDORESS 10000 
ro 
17CFH 
8051 
WR DISPlAY 
RJ\Mro 
THE 827~ 
lIDORESS 180011 ro 
lFCFlI 
8276 
<:xMIANDlIDORES5- 
lIDORESS OOOlH 
8276 
pARJ\MEl'ERlIDORES5- 
lIDORESS OOOOH 
8276 
STATUS REXiISl'ER- 
lIDORESS OOOlH 


I 


nUTIALIZE 
POINTERS AND FU\GS} 
INITIALIZE 
rop 
OF TIlE CRT DISPLAY "LINEO"=180OH} 
INITIALIZE 
8276 
WFFER 
POINI'ER "RASTER" =1800ll} 
INITIALI ZE DISPIAY $RJ\M$POINl'ER=OOOOH} 


/* 
INITIALIZE 
TIlE 8276 */ 


RESE:l' TIlE 8276} 
INITIALIZE 
8276 
ro 
80 CilARllC'l'EiViO'J 1 
INITIALIZE 
8276 
ro 
25 R:w.> PER FRAME 
INITIALIZE 
8276 
ro 
10 LINES PER iO'J} 
INITIALIZE 
8276 
ro 
~BLIIt<ING 
UNDERLINEaJRSER} 
INITIALIZE 
aJRSER ro 
IDlE 
POSITICN 
(00,00) 
(UPPER LEFr !WID COmER)} 
STAR!' DISPlAY} 
FlW3LE 8276 
INrERRJPI'} 


/* SE:I' UP 8051 
INrERRJPI'S 
AND PRIORITIES 
*1 
I 


SERIAL PORI' liAS HIGHEST INrERRJPI' 
PRIORITi} 
EXTEliNAL ~PI'S 
ARE ED;iE sm5ITIVE} 
ENABLE 
L.'X'l'Emb,L INl'ERRJPI'S I 


• 


/"PRX:ECURE 
SCANNER: THIS 
PRXEUJRE 
s:::J\NS THE KE:iOOARDAND DEI'EH1INES 
IF 
A 
SINGLE VALID KE:i HAS BEEN PUSHED. IF 
TRJE THm 
THE AOCII 
~IVALENl' 
WILL BE TR!\N9oIITl'ED TO THE HOSl' <X:MFUreR." / 


SCANNER: 


{mABLE 
8051 GLOBAL Im'ERRJPI' 
BIT) 


IF 
{30 VERl'ICAL 
RETRACE INrERRJPTS 
HAVE <XnJRRED 
(aIRSER$COONI'=lm)) 
THm 
00; 


1 
<XMPLEMENraIRiERSrn) 
CLEAR aJRSER$CXXJNl') 
IF 
{aJRSER 
IS 
TO BE OFF 
(aJRSER$rn=O») 
'l'IIEN {HJVE aIRiER 
OFF THE OCREE}I) 
CALL IDAD$CURSER; 
END; 


IF 
{THE ILCAL$LINE 
SWI'IOI 
HAS CIIl\N;;E[) srATE) 
'l'IIEN 
00; 
IF 
{IN 
ILCAL M:>[)E) 'l'IIEN {DI SABLE SERIAL 
OORl' lNI'ERRJPI') 
ELSE CALL CHEXX$BAUD$RATE; 
END; 


00 WIIlLE {~ 
VERl'ICAL 
~) 
IF 
(THE Flm 
HAS A CllARlCffiR 
ro 
PHlCESS 
(SERIAL$lNI'=I)) 
'l'IIEN CALL DOCIFHER; 
END; 


IF !'lEE 
PRESENr 
PRESSED KE:i IS 
e;:uAL 
ro 
THE U\Sr 
Y.E'l 
PRESSED AND VALID=I) 
'l'IIEN 
CALL l\lJl'O$REPEAT; 
ELSE 
00; 
IF 
(A KE:i IS 
PRESSED WI' oor 
THE SAME CtlE AS THE U\Sr 
KE:i00l\RD 
s:::J\N) 'l'IIEN 
00; 
IF 
{CNLY CtlE KE:i IS 
PRESSED) 
'l'IIEN 
!' 
GET THE ASCII 
CCIlE mR 
IT) 
SET NEW$KE:i AND VALID FLAGS) 
ELSE 
RESm' 
VALID AND ~ 
FLAGS) 
END; 
ELSE 
{THE KE:i00l\RD MUsr oor 
HAVE A KE:i PRESSID 
SO RESET VALID$KE'i AND ~ 
FLAGS) 
<lID; 


/" 
PRXEUJRE 
AlJfO$REPEAT: 
THIS 
PRXEUJRE 
WILL PERroRol AN AlJfO REPEAT FUOCTlrn 
B'l TR!\N9oIITTING A CI!ARI'C'lER EVER{ C7I'HERTIME THIS 
R:UrlNE 
IS 
CALLED. 
THE AlJfO REPEAT FUOCTIrn 
IS 
ACTIVATED AFTER A FIXED DEI.AY PERIOD AFTER THE 
FIRsr 
Oil\RACTER IS 
SENr" / 


AlJfO$REPEAT: 


IF 
{THE KE:i PRESSED IS 
IIDI 
(NEW$KE:i=I) 
'l'IIEN 
00; 
I 
CLEARTHE DIVIDE 
B'l 'lW) COONl'ER "TR!\N9oIIT$'l:I:l(X;lE") 
INITIALIZE 
THE DEIAY COONl'ER "TRAN9oIIT$<XXJNl'" ro 
ODOR) 
CALL TR!\N9oIIT; 
/" 
FIRsr 
CHARACTER "/ 
{CLEAR NEW$KE:i} 
END; 


ELSE 
00; 
IF 
{TRANSMIT$<XlJNl' IS oor B;;OAL oro O} 'l'Ilm 
00; 
{INCREMI:m 
TAAN!MIT$<XlJNl'} 
IF 
TRANSMIT$<XlJNl'=OFFH T!ID'I 
00; 


~rEAR ~sJ.r$<XlJNl'} 
END; 
END; 
ELSE 
00; 
{TURN THE ClJRSER Gl 
J:XJRIN; TIlE AU'ID REPE1IT FUN::TIGl} 
IF 
TRANSMIT$'IDXLE 
= 1 'l'Ilm 
CALL TRANSMIT; 
{~ 
TRANSMIT~} 
END; 
END; 


I*DELNf 
~ 
FIRST 
CHARl\CTER AND THE SEXnID *1 


I*SroJND CHARl\CTER *1 


1* 2 VERI' FRl\MES ~ 
3m 'ID Nl'H CHARl\CTER *1 
1* 
3RO THJOJGH NI'3 CHARl\CTER *1 • 


1* PRX:IDJRE 
TRAN!MIT- 
CN:E THE lIOS!' CCMRJI'ER SIGNALS THE 8051H 
~ 
BRIN:;ING 
TIlE CrEAR-ID-SE1ID 
LINE 
u:M. 
TIlE AOCII 
CHARJlCTER IS 
RJI' 
IlID:l THE SERIAL 
PORI'. *1 


TAAN!MIT: 
PRX:IDJRE; 
IF 
{TIlE TElMINAL 
IS 
Gl-LINE} 
'l'Ilm 
00; 
I 


WAITUNI'IL THE CLEAR$TOfSEND LINE 
IS 
u:M AND UNI'IL THE 8051 
SERIAL 
PORI' TX IS oor BU~ 
TRANSMIT THE AOCII 
CODE 
CLFAR THE FLAG "TRANSMIT$INI'". 
TIlE SERIAL 
PORI' SERVICE IOJI'INE 
WILL SE:l' THE FLAG 
WHEl'ITHE SERIAL 
PORI' IS 
FINISHED 
TAAN!MITTING} 
END; 
ELSE 
{TIlE TEIMINAL 
IS 
IN THE LOCAL /oODE} 
00; 


1 


RJI' 
THE AOCII 
CODE IN THE FIFO} 
INCREMI:m TIlE FIFO 
POIrm:R} 
SE:l' SERIAL$INI'} 
END; 
END TRANSMIT; 


/* 
PRX:E!lJRE DEX:IPIIER: THIS 
PRX:E!lJRE DEIXlDESTHE oosr 
CXMRJTER'S MESSAGESAND DEl'ElMINES 
WHE:l'HERIT 
IS A DISPLAYABLE CHARACTER,a:Nl'IDL 
~, 
OR AN E9:APE 
~ 
THE PRX:E!lJRE TIlE}l JlCrS lIIXORDINGLY */ 


DEX:IPIIER: 
srARI'$DEX:ImER: 


VALID$RECEPTION=O; 
00 WHILE I'lliE 
FIFO 
IS 
oor 
EMPlY ANDTHE CHARACTERIS 
DISPLAYABLE) 
Ra:EIVE=IASCII 
aJDE) 
CALL DISPLAY; 
INEXT CHARACTER) 


END; 


IF 
CHARACTERSWERE DISPLAYED) TIlE}l 
DISABlE 
SERIAL roRT 
INI'ERRJPl') 
KlVE 'lliE 
REMAININGCCNl'ENI'S OF 'lliE FIFO UP TO 'lliE BEXiINNI~ 
OF 'lliE FIFO) 
mABLE 
SERIAL roRT 
INI'ERRJPl'j 
SEl' 'lliE VALID$RECEPTION FLAG 


IF 
I'lliE 
FIFO 
IS 
EMPlY) TIlE}l {CLEAR'lliE 
"SERIAL$INT 
FLAG AND Rel'Um) 


IF 
{'lliE NEXT QIl\RACTER IS 
AN "ESe" CXJ[E ) TIlE}l 
00: 
{UJ(]{ 
M 'lliE CHARACTERIN 'lliE FIFO AFTER 'lliE ESe aJDE AND CALL 'lliE o:>RREX:TSUBlO1I'INE) 
b.u. UP$(lJRSER; 
CALL OOWN$(lJRSER; 
CALL RIGHl'$(lJRSERI 
CALL LEPl'$<lJRSER1 
CALL CLEAR$~; 
CALL M:>V$QJRSERI 


/* EOC A */ 
/* EOC B */ 
/* EOC c */ 
/* EOC D */ 
/* EOC E */ 
/* EOC F */ 


/* EOC H */ 


/* EOC J */ 
/* EOC K */ 
, 
CALL ERASE$FJOI$OJRSER$TO$ENO$<F~1 
CALL BLINE; 
I 


DISABI.E'lliE 
SERIAL roRT 
INI'ERRJPI') 
M:>VE'lliE 
REMAININGCCNl.'mI'S OF THE FIFO UP TO 'lliE BEXiINNI~ 
OF 'lliE FIFO) 
mABLE 'lliE 
SERIAL roRT 
INI'ERRJPl') 
SEl' 'lliE 
"VALID$RECEPTION" FLAG) 


IF 
{'lliE FIFO 
IS 
EMPlY) TIlE}l {CLEAR'lliE 
SERIAL$INT FLAG AND ReItJm) 
END I 


IF 
{'llIE NEXT CHARl\C'I'ERIS A CXlNrOOL0)lE} 
'mEN 
00; 
{CALL 'llIE RIGIfi' SUBR:m'INE} 


/* CTL H */ 


/* CTL J */ 
, 
CALL CLFAR$~; 
CALL CARRIJ\GE$REl'U~; 


/* CTL L */ 
/* CTL M */ 


I 


DISABIE 'llIE SERIAL roRI' 
IN1'ERIUPl') 
MJVE 'llIE RaoIAINING a::Nl'ENl'S OF 'llIE FIR) 
UP TO 'llIE BEx:lINNItI> OF 'llIE n~u} 
E1WlLE 'llIE SERIAL roRI' 
IN1'ERIUPl') 
SEl' THE "VALID$RECEPl'I~" 
FLAG} 
END; 


IF 
{ID VALID CODE WAS REx::EIVED("VALID$RECEPl'I~· 
IS 
Ol) 
'mEN 


I 
nI!O'I 
'llIE CHARl\C'I'ERoor 
ANDIOJE 
THE REMAINItI> a::Nl'ENl'S OF TIlE FIR)} 
UP TO 'llIE mxiINNING} 


IF 
('llIE FIR) 
IS 
EMPIY} 'mEN {ClEAR THe SERIAL$INl' 
FLAG AND ~}. 


{ror 
INl'O THE DISPlAY 
RAMl.CC"a'I~ 
roINl'ED 
TO Bi 
"DISPLAY$RAM$roINrER 
'llIE a::Nl'ENl'S OF REx::EIVE} 


IF 
I'llIE 
END OF 'llIE DISPLAY MEMJR( HAS BEEN REACHED}'mEN 
RESE.T "DISPLAY$RAM$roINrER" 
TO TIlE mxiINNItI> 
OF 'llIE RAM} 
ELSE 
(IOCRaoIm1' 
"DISPLAY$RAM$roIm'ER") 


IF 
('llIE aJRSER 
IS 
IN 'llIE LAST CDUMl OF TIlE CRt' DISPLAY) 'mEN 
00; 
(MJVE 'llIE aJRSER 
BAa( TO 'llIE BmINNIN:> OF 'llIE LINE) 
IF 
('!HE NEWDISPlAY 
RAMl.CC"a'I~ 
HAS A m>-<lF-LINE 
CHARltCTERIN IT) 
'mEN 
CALL FILL; 


IF 
{'lliE aJRSER 
IS ~ 
TIlE LAST LINE OF 'llIE CRt' DISPLAY} 'mEN 
CALL SCOOLL; 
ELSE 
(MJVE 'llIE aJRSER TO 'llIE NEXT LINE) 
END; 
ELSE 
{IOCREMEN1''llIE OJRSER TO 'llIE NEXT l.CC"a'I~} 


{~ 
'llIE aJRSER 
~ 
} 
CALL ILll\OCURSER; 
END DISPlAY; 


• 


LINE$FEED: 


IF 
('mE 
Q1RSER IS 
IN 'mE 
LASr LINE OF 'mE CRT DISPLAY} 'mEN 
CALL scroLL; 
ELSE 
00;I 
!'IJVE'mE 
aJRSER 
TO 'mE 
NEXr LINE} 
'1UR'l 'mE 
aJRSER 
oo} 
CALL LOI\O$Q1RSER; 
END; 


IF 
1'mE DISPLAY$RAM$POINrER IS 00 'mE 
LASr LINE IN THE DISPLAY RAM}'mEN 
!'IJVE 'mE 
DISPIAY$RAM$POINrER TO 'mE 
FIRSI' 
LINE IN THE DISPLAY RAM} 
ELSE 
(!'IJVE THE DISPIAY$RAM$POINl'ER TO 'mE 
NEXr LINE IN 'mE 
DISPLAY RAM} 


IF 
('mE 
FIRSI' 
CIlARACTERIN 'mE NEWLINE OJNTAINS AN END-OF-LINE 0IARlCI'ER 
} 'mEN 
CALL FILL; 


CALL BLl\II{; 
(DISABLE VERTICAL REl'RACE INI'ERRJPl'} 


IF 
1'mE FIRSI' 
LINE OF THE CRT OJNTAINS THE LASr LINE OF 'mE 
DISPLAY MEM)R{} 'mEN 
HJVE 'mE 
POINl'ER "LINEO" TO 'mE 
BEX;INNIN:iOF 'mE 
DISPLAY MEM)R{} 
ELSE 
(HJVE "LINEO" TO 'mE 
NEXr LINE IN 'mE 
DISPLAY MEM)R{} 


(mABLE 
VERTICAL REl'RACE INI'ERRJPl'} 


1OoIE: 
! 
/ofJVETHE QJRSER FOSITICN 
TO THE UPPER LEFT HAND 0)1lNER OF THE CRI'} 
rom 
THE OJRSER CN} 
, 
, 


CALL LOl\D$CURSER: 
{/ofJVE THE DlSPLAY$Rl\M$POIN1'ER TO THE OORREX:TLOCATICN IN THE DISPIAY 
IWI} 


CALL BLINE: 
/* 
ERASE QJRRENl' LINE 
*/ 


IF 
{THE QJRSER 
IS 
oor 
CN THE LASr 
LINE OF THE CRl' DISPIAY} 
'lllEN 
srARl'lNG 
WITH THE tlEKT LINE,PUT 
AN mI>-<lF-LINE 
CilARl'CTER 
(OFlHl 
IN THE DISPLAY IWI 
LOCATICNS THAT o)RRESlUlJ) 
TO THE Bl'.XiINNItIi OF 
THE CRI' DISPLAY LINES 
IlNl'IL 
THE 00lTCM OF THE CRI' SCREEN HAS BEEN REACHED} 
Elm: 
• 


/*PR::l:EIlJRE 
KlV$QJRSER: 
THIS 
PRJCElXJRE IS 
USED IN ~IOO 
WITH OORDSTAR 
IF 
A ESe 
F IS 
REX:EIVED FR:M THE HOSl' CXlolPlJl'ER, THE TElMINAL CCNrIDILER 
WILL 
READ THE NEXT= J3':{TETO DE1'ER1INE WHERETO f>DIIE 
THE QJRSER. 
THE FIRST 
J3':{TE 
IS 
THE RJW INFO~ICN 
FOLI£M:D 
J3':{THE OO{U1N INFO~ICN 
*/ 


KlV$QJRSER: 
l 


WAlT IlNl'IL 
THE FIFO 
HAS RECEIVED THE NEXT= CHARACl'ERS} 
/ofJVE THE QJRSER TO THE LOCATICN SP&:IFIED 
IN THE ESCAPE SD;;UEN::E} 
/ofJVE THE DISPLAY $1WI$POIN1'ER 
TO THE O)RREX:T LOCATICN} 


IF 
THE FIRST 
CHARACl'ER IN THE N&I LINE HAS AN E1ID-OF-LINE 
CHARl'CTER} 'lllEN 
CALL FILL: 
Elm: 
I 


DISABLE THE SERIAL 
PORI' INl'ERRJPl'} 
/ofJVE THE REMAIN CCNI'ENI'S OF THE FIFO 
UP = LOCATICNS IN MlH)R{} 
DOCREMENr THE FIFO 
J3':{=} 
mABIE 
THE SERIAL 
PORI' INl'ERRJPl'} 


/* 
PRJCEroRE 
LEFT QJRSER: 
THIS 
PRJCEWRE 
/ofJVES THE QJRSER LEFT ctlE 
<XlIDlN 
J3':{SUBl'Rl\Cl'ING 
1 OF THE QJRSER COI.lMl 
IWI 
LOCATICN 'lllEN CALL LOl\D OJRSER */ 


LEFT$CURSER: 


IF 
{THE OJRSER 
IS 
oor 
IN THE FIRST 
LOCATICN OF A LINE} 
'lllEN 
00: 
! 
/ofJVETHE QJRSER LEFT J3':{ctlE 
LOCATICN} 
TURN THE QJRSER CN} 
CALL LOl\D$QJRSER: 
{DOCREMENI'THE DlSPLAY$Rl\M$POmrER 
J3':{ctlE} 
Elm: 


RIGHI'$CURSER: 


IF 
{nIE 
arnsER 
IS NOr IN nIE 
LAST KlSITIrn 
OF nIE 
CRr LINE} nIEN 
00; 


! 
MJVE TIlE <lJRSER RIGHI' IIi 
mE 
LCCATIrn} 
'!'UR'l nIE 
OJRSER rn} 
CALL I.OAD$CURSER; 
{IOCREMmI' nIE 
DISPLIIY$RAM$POINTERIIi mE} 
lliD; 


/* 
PRX:EIlJRE UP <lJRSER: THIS 
PRX:EIlJRE MJIIES nIE 
<lJRSER UP mE 
10i 
IIi 
SUBl'AACTIN3 1 ro 
nIE 
arnsER 
10i 
RAMLCCATIrn nIEN CALL LClNl CURSER */ 


UP$CURSER: 


IF 
{nIE 
arnsER 
IS 
NOr rn 
THE FIRSI' 
LINE OF THE CRI' DISPLAY} nIEN 
00; 
{MJVE THE <lJRSER UP mE 
LINE} 
{'!'UR'l rn 
THE <lJRSER} 
CALL LClNl$arnsER; 


IF 
!nIE 
DISPLAY$RAM$POINTERIS 
IN THE FIRSI' 
LINE OF DISPLAY MEM)R'i} nIEN 
MJVE THE DISPLAY$RAM$POINTERro 
THE LAST LINE OF DISPLAY MEM)R'i} 
ELSE 
{M:lVETHE DISPLAY$RAM$POINTERUP mE 
LINE IN DISPLAY MEM)R'i} 


IF 
{nIE 
FIRST 
LCCATIrn 
OF THE NEWLINE cnn'AINS 
AN mo-<>F-LINE 
CHl\R!\CTER} nIEN 
CALL FILL; 
lliD; 
lliD 
UP$<lJRSER; 


/* 
PRXEWRE 
IXJWNOJRSER: 
THIS 
PRX:EIlJRE M:lVES TIlE <lJRSER IXJWNmE 
IG/ 
IIi 
l\lIl!NG 
1 TO nIE 
<lJRSER IG/ RAMLCCATIrn nIEN CALL LOADCURSER */ 


1XJWN$arnsER: 


IF 
{nIE 
arnsER 
IS NOr rn 
TIlE LAST LINE OF TIlE CRr DISPLAY} nIEN 
00; 


! 
'!URN TIlE <lJRSER rn} 
MJVE TIlE arnsER 
TO TIlE NEXT LINE} 
CALL I.OAD$CURSER; 


IF 
!nIE 
DISPLAY$RAM$POINTERIS 
NOr rn 
TIlE LAST LINE OF TIlE DISPLAY MEM)R'i} 
MJVE nIE 
DISPIAY$RAM$POINTER ro 
TIlE NEXT LINE IN THE DISPLAY MEM)R'i} 
ELSE 
{MJVE TIlE DISPIAY$RAM$POINTER ro 
THE FIRSI' 
LINE IN nIE 
DISPLAY MEM)R'i} 


IF 
{nIE 
FIRST CHl\R!\CTER IN THE NEWLINE IS 
AN END-OF-LINE CHl\R!\CTER} nIEN 
CALL FILL; 


CARRIAGE$REl'I.Jm 
: 
I 


MJVE 'ffiE DISPIAY$RAM$POINl'ER 
TO TIlE BEXiINNI~ 
OF 'ffiE aJRRENl' 
LINE 
IN 'ffiE DISPLAY MEM>Ri} 
MJVE 
'ffiE CIJRSER TO 'ffiE BEXiINNI~ 
OF TIlE aJRRENl' 
LINE OF TIlE CRi' DISPLAY} 
'ltJm 
'ffiE CIJRSER oo} 
CALL I.Ol\D$aJRSER; 


/* 
PIlX:EIXJRE LON> CURSER: 
LON> CURSER TAKES TIlE VAllJE IIElD 
IN RAMAND 
IJJI\DS IT 
INTO 'ffiE 
8276 
CURSER RffiISTER. 
*/ 


LON>$CIJRSER: 
PIO:EIlJRE 
; 
IF 
{'ffiE aJRSER 
IS 
oo} 
'lmll 
{MJVE 
'ffiE CURSER BAQ( CNl'O TIlE CRT DISPLAY} 


1 


DISABLE IIJFFER 
IN'l'ERRJPl'} 
WRITE TO TIlE 8276 
CURSER RffiISTERS 
TIlE X, Y ux::ATIooS} 
ENABLE IIJFFER 
INl'ERRJPl'} 


/* 
PIO:EIlJRE 
CIiEO< Bl'.UD RATE: TIllS 
PIO:EIlJRE 
REI\DS TIlE THREE FORi' PINS 
ON P1 AND SETS UP 
'ffiE SERIAL 
PORi' FOR TIlE SPH::IFIED 
BI'.UD RATE */ 


CIiEO<$BI'.UD$RATE: 
I 


SET TIMER 1 TO MODE 1 AND AI1ID REI.ON>} 
'ltJm 
TIMER oo} 
ENABLE SERIAL 
FORi' INl'ER1UPl'} 
REM 
Bl\UD RATE SWITCIIES AND SET UP REI.ON> VAllJE} 
, 
'1lI1=040H; 
'1lI1=QAOH; 
'1lI1=ODOH; 
TH1=0E8H; 
'1lI1=OF4H; 
'1lI1=OFAH; 
'1lI1=0FLil; 


/* 
00 IS NCII'ALIJ:loiEl) */ 
/* 
150 
BI'.UD */ 
/* 
300 
BI'.UD */ 
/* 
600 
BI'.UD */ 
/* 
1200 
BI'.UD */ 
/* 
2400 
Bl\lJD */ 
/* 
4800 
Bl\lJD */ 
/* 
9600 
BI'.UD */ 


• 


/* 
PR:lCEI:URE REl\DER: THIS 
PR:lCEI:URE IS 
WRITl'EN IS 
ASSEMBI:l 
IANOO1\GE. TIlE 
Elt'l'EmAL 
PRX:mJRE 
OCANS TIlE 8 LINES 
OF TIlE KF:iOOMD 
AND READS 'TIlE RE:lUm 
LINES. 
TIlE srMUS 
OF TIlE 8 REl'tJm 
LINES 
ARE 'l'Hm 
sroRED 
IN IIfl'ERW. 
MEM)R{ ARRAY CALLED CURRENl'$KE'i */ 


READER: 


{INITIALIZE 
FlAGS 
"KRi0"=0, 
"SAME"=l, 
0 cnJNI'ER=0} 


00 
UNl'IL 
{ALL 8 KExOOMD 
OCAN LINES ARE RFAD} 
{READ KF:iOOMD 
OCAN} 
IF lID KF:i 
WAS PRESSED} THEN 
INCROONl' 
0 cnJNI'ER} 
ELSE 
IF 
{TIlE KF:i 
PRESSED WAS 00l' 
TIlE SAME KEY 'mAT WAS PRESSED TIlE usr 
TIME 
TIlE KF:iOOMD 
WAS RFAD} THEN 
{ClEAR 
"SAME" AND WRITE NEW OCAN RlNJLT 
ro 
OJRRENl'$KEY RAMARRAY} 
END, 


IF 
{ALL 8 OCANS DlOO'T 
HAVE A KF:i 
PRESSED 
(0 cnJNI'ER=8)} 
THEN 
{SEl' 
KF:i 0, 
AND ClEAR 
SAME} 


/* 
PRX:ElXJRE BLANK: THIS 
EXTEIW\L 
PRX:ElXJRE FILLS 
LlNEO WITH SPACES 
(20H A9:II) 
WRING 
TIlE SCRJLL 
R:UI'INES. */ 


BLANK: 


00 
1= 
{mx;INNI~ 
OF TIlE CRl' DISPLAY 
(LINEO)} 
oro {LlNEO + SOH} 
{DISPLAY RAM POINI'ED oro B'i "I" 
= SPACE 
(A9:II 
20H)} 
NEXT I 
END, 


/* 
PRX:ElXJRE BLlNE: 
THIS 
EX'I'EIW\L PRX:ElXJRE IlLNI{S 
FJOoI TIlE aJRSER 
ro 
TIlE END OF 
TIlE DISPLAY LINE */ 


00 
1= 
{OJRRENI' OJRSER 
POSITICN 
CN CRr 
DISPLAY} ro 
Imp 
OF 1Ui} 
{DISPLAY RAM POINI'ED ro 
B'i "I" 
= SPACE 
(A9:II 
20H) I 
NEXT I 
END, 


FILL: 


00 
1= 
{mx;INN~ 
OF TIlE LINE THAT TIlE OJRSER IS 
CN} ro 
{END OF TIlE 1Ui} 
{DISPLAY RAM POINI'ED ro 
B'i 
"I· 
= SPACE 
(A9:II 
20H)} 
NEXT I 
END, 


$OPI'IMIZE (1) 
$OOImvECroR 
$101 (IJIKiE) 


/••***.************** •••*.*.*************************.****** 
••••****.********** • 
••• ********* ••** •• ****.**** ••*********************.********.*.*.* 
••**.********* • 
******* 
*** ••••• 
******* 
PIM51 
SOFIW\RE 
FOR THE 8051 
TERUNAL 
******** 
****... 
CQNl'R)LLER 
APPLlCATICN 
NOl'E 
*******. 
******* 
***** ••• 
****** •• ***.** ••••••••••••••• 
** •• **********.**.**** ••••••• ** •• * •• *** •• ** •• *** ••• 
••••••••••••••••• 
***** ••••• **•••••••••••• 
***.****.**** ••*********.********.***** 


MEMlRl MAP ASOCCIATED WITH PERIPHERAL DEVICFS 
(USING MJVX): 


8051 
WR AND REIID DISPLAY RAM- 
ADDRESS 10000 
TO 17CFH 
8051 
WR DISPLAY RAMTO THE 8276- 
ADDRESS 18000 
ro 
lFCFH 
8276 
<XMWID ADDRES&- 
ADDRESS OOOlH 
8276 
PARAMETERADDRES&- 
ADDRESS 00000 
8276 
srATUS 
REX;ISTER- 
ADDRESS OOOlH 


UNIJEX:X)DE[) 
KE{OCV\ID- 
CRI'PIM.OaJ 
,CRrMM.OaJ 
,KE{BD.OaJ 
,PIM51.LIB 
DEXXlDEDKEYOCV\ID-CRI'PIM.OaJ ,CRrMM.OaJ 
,DEXXDE.OaJ ,PIM51.LIB 
DEl'J\CllED KE{OCV\ID-CRI'PIM 
.OaJ ,CRrMM.OaJ 
,DEl'!\CH.OaJ 
,PIM51.LIB 
*/ 
$SEI' 
(SWl) 
$RESE:r 
(SW2) 


• 


2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 
1 


DEJ:IARE u.c 
LlTEAALL'i 
'LCCl\L$LINE$CIlAIf:;E'; 
DEJ:IARE REX; 
LlTEAALL'i 
'REX;IsrER'; 
DEJ:IARE QJRRENI'$KE:i LlTERALIIl 
'QJIKE:{'; 
DEJ:IARE SERIAL$SERVICE 
LlTERALIIl 
' SERIlJF' 
; 
DEJ:IARE DISPLAY$RAM$POINrER 
LlTEAALL'i 
'POINI"; 
DEJ:IARE SERIAL$ IN1' LlTEAALL'i 
' SERIm" 
; 
DEJ:IARE TRAN9oIIT$IN1' 
LlTEAALL'i 
'TRaNI"; 
DEJ:IARE QJRSER$COllJolN LlTEAALL'i 
'QJIlSER'; 
DEJ:IARE LASI'$KE:i LlTERALIIl 
'LSll<Ei'; 
DEJ:IARE QJRSER$CaJNI' 
LlTEAALL'i 
'o:xJNr'; 
DEJ:IARE 9:l\N$IN1' 
LlTEAALL'i 
'9:l\N'; 


DEJ:IARE 
PO 
BYTE 
PI 
BYTE 
P2 
BYTE 
P3 
BYTE 
PSW 
BYTE 
Nr- 
BYTE 
B 
BYTE 
SP 
BYTE 
DPL 
BYTE 
DPil 
BYTE 
~ 
BYTE 
'ro::N BYTE 
'lMD 
BYTE 
TLO 
BYTE 
TLI 
BYTE 
nlO 
BYTE 
nil 
BYTE 
IE 
BYTE 
IP 
BYTE 
0CCtl BYTE 
SWF 
BYTE 


AT (80H) 
AT (90H) 
K1'(OAOH) 
AT (OBOH) 
AT (ODOH) 
AT (OEOH) 
K1'(OFOH) 
K1'(8lH) 
K1'(82H) 
K1'(83H) 
K1'(87H) 
K1'(88H) 
K1'(89H) 
AT(BAH) 
K1' (8BH) 
K1' (OCH) 
K1'(800) 
K1'(OABH) 
K1'(OBBH) 
K1'(98H) 
K1'(99H) 


REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;, 
REX;; 


$FJEX:T 
/ ••••••••• 
BIT 
REX;ISTERS •••••••• 
/ 


/********* 
PSW 
BITS *******./ 
OEUARE 
Ci 
BIT 
PC 
BIT 
FO 
BIT 
RoSI 
BIT 
RoSO BIT 
av 
BIT 
P 
BIT 


AT (OO7H) 
AT (006H) 
AT (OOSH) 
AT (OO4H) 
AT (003H) 
AT (OD2H1 
AT (OOOH) 


/*.* •••*** TCON BITS ••••••••/ 
TFI 
BIT 
AT (8FH) 
REX;, 
TR1 
BIT 
AT (8EH) 
REX;, 
TFO 
BIT 
AT (8lE) 
REX;, 
TRO 
BIT 
AT (801) 
REX;, 
lEI 
BIT 
AT (800) 
REX;, 
ITI 
BIT 
AT (SAH) 
REX;, 
IEO 
BIT 
AT (89H) 
REX;, 
ITO 
BIT 
AT (88H) 
REX;, 


/......... 
IE 
BITS 
•••••••• 
/ 
EA 
BIT 
AT(OAFH) 
REXi, 
ES 
BIT 
AT (OJ\CII) REXi, 
Erl 
BIT 
AT (OABH) REXi, 
EXI 
BIT 
Kr (OAAH) REXi, 
ErO 
BIT 
Kr (DA9H) REXi, 
EXO 
BIT 
AT (DA8H) REXi, 


/......... 
IP 
BITS 
•••••••• 
/ 
PS 
BIT 
AT (0801) 
REX;, 
Pl'1 
BIT 
AT (OBBH) REXi, 
PXI 
BIT 
AT (01Wl) 
REXi, 
Pl'0 
BIT 
AT (OB9H) REXi, 
PXO 
BIT 
AT(OBSH) 
REXi, 


/......... 
P3 
BITS 
•••••••• 
/ 
RD 
BIT 
AT(OB7H) 
REXi, 
WR 
BIT 
AT(OB6H) 
REXi, 
TI 
BIT 
AT (OBSH) REXi, 
TO 
BIT 
AT(OB4H) 
REXi, 
IN1'1 BIT 
AT (OB3H) 
REX;, 
IN1'0 BIT 
AT (OB2H) 
REXi, 
TXD 
BIT 
AT (OBlHl 
REX;, 
RXD 
BIT 
AT (OBOHI REXi, 


/••••••••• 
SOON BITS 
•••••••• 
/ 
!MO 
BIT 
AT (9FH) 
REX;, 
!Ml 
BIT 
AT (9EH) 
REXi, 
5M2 
BIT 
AT (9lEl 
REX;, 
REN 
BIT 
Kr (9CII) 
REXi, 
Ta8 
BIT 
AT (9001 
REXi, 
RB8 
BIT 
AT (9AHI 
REXi, 
TI 
BIT 
AT (99H) 
REX;, 
RI 
BIT 
AT (98H) 
REXi; 


• 


$lillCI' 
$IF 
SW1 
/.** ••••*** •••••• 
DEX:IARE a:>NsrANrS*****···***···*·***··** / 


'uiop' ,SBH,'@' 
,DAH, 7m, 
/* 
SCAN 1, 
SHIFT =0; 
u,i,o,p,[,@, 
LINE FEED, DELETE */ 


'jkl;: I lOOH,om, '7', 
/* 
SCAN 2, 
SHIFT =0; j ,k,l,;,:, 
RE:l'URl, 
7 */ 


'y' ,OOH,OOH,' 
dfgh', 
/* 
SCAN 5, 
SHIFT =0; y, SPACE, d,f ,g,h 
*/ 


09H, 'qwsert' 
,OOH, 
/* 
SCAN 6, 
SHIFT =0; 
TAB,q,w,s,e,r,t 
*/ 


28H,29H,OOH"=',7CH,7EHfO~H,OOH, 
/* 
SCAN 0, 
SHIFT 
=1; 
(,),=, 
, 
,BACK 
SPACE */ 


'JKL+*',OOH,ODH,27H, 
/* 
SCAN 2, 
SHIFT =1; 
J,K,L,+,*, 
RE:l'URl, 
' 
*/ 


'M<>',OOH,3Fl1,OOH,OOH,OOH, 
/* 
SCAN 3, 
SHIFT =1; 
M,<,>,? 
*/ 


OOH,'AZXCVBN', 
/* 
SCAN 4, 
SHIFT =1; 
A,Z,X"C,V,B,N 
*/ 


'y' ,OOH,OOH,' 
DFGH', 
/* 
SCAN 5, 
SHIFT 
=1; 
Y, 
SPACE, D,F,G,H 
*/ 


lBH,' 
l"i$%&' 
,OOH); 
/* 
SCAN 7, 
SHIFT 
=l;ESC,I,",i,$,%,& 
*/ 
$ENDIF 


INIUI' 
BIT AT (OB4H) 
REXi, 
$ENDIF 
$IF 
SW1 
CAPSI.<O< 
BIT 
AT(095H) 
REXi, 
SHIFT$KEY 
BIT 
AT(096H) 
REXi, 
aNl'RJL$KE'l 
BIT 
AT(097H) 
REXi, 
$ENDIF 
LCCAL$LINE 
BIT 
AT(OB5ll) 
REXi, 
• 


CLEAR$'ro$SF2ID 
BIT 
AT (09311) 
REXi, 
lW'A$TEININAL$RFJIlJi 
BIT 
AT (094H) 
REXi; 


DEUARE 
( 


$IF 
9011 
SlIME, 
VALID$KEi, 
KE:i0, 
LASl'$SHIFT$KEY , 
LASl'$a:N1'IVL$KEY 
, 
LASl'$CAP$I.<O< , 
$ENDIF 


$IF 
SW2 
K:VF.U;, 
~, 
B'iFIN, 
KBDINr, 
ERR:lR, 
$ENDIF 


~, 
TRAN9UT~, 
OJRSER$CN, 
SERIAL$INr 
, 
SCAN$INr, 
TRAN9UT$INr 
, 
E&:SE)J, 
VALID$REX;EPTICN, 
11£, 
ENSP) 
BIT 
RJBLIC; 


I, 
J, 
K, 
AOCII $KE'f , 
TRAN9olIT$<UJNl' , 
TEMP, 
SHIFI', 
OJRSER$COL, 
OJRSER$COI1JoIN, 
aJRSER$iO'i 
, 
OJRSER$(UJNl' 
, 
FIFO, 
RECEIVE) 
B'iTE PUBLIC; 


$IF 
SWI 
DEX:IJ\RE LASl'$KE'f (8) 
B'iTE PUBLIC; 
$ENDIF 


$IF 
SW2 
DEX:IJ\RE LASl'$KE'f (2) 
B'iTE PUBLIC; 
$ENDIF 


DEX:IJ\RE SERIAL(16) 
BYTE PUBLIC; 


DISPIAY$RAM$POIN1'ER, 
RASTER, 
LINEO, 
L) 
~RD 
PUBLIC; 


30 
1 


31 1 


/* 
PRX:EllJRE READER: TIllS 
PRX:EllJRE IS WRI'l"l'rn IS ASSEMBLYU\NQJAGE. TIlE 
EXTElW\L PRX:EllJRE &:lINS TIlE 8 LINES OF THE KE'iOOMD AND READSTHE RErum 
LINES. 
TIlE STMUS OF TIlE 8 REI\rnN LINES ARE THEN STORED IN INl'ER'lI\L 
MEM)R{ AIlJ1M CALLEDCURRJ;Nf$KE'i. TIlE PIU:EE:URE 
CXJNrR)LS 2 STA'IUS FLAGS; 
KE'i0 AND SAME. KE'i0 IS 
SE:I' IF ALL 8 &:lINS READNO KE'i WAS PRESSED. 
IF ALL 8 &:lINS ARE THE SAMEAS THE LAST READIN:>OF THE KE'iOOMD, THEN 
SAME IS SE:I'. */ 


/* 
PRX:EllJRE 1lL1lM<:THIS EXTElW\L PKJCEWRE FILLS 
LINEO &:lIN WITH SPAnS 
(20H AOCII) 
WRIN:> TIlE OCIDLL IOl1'INES.*/ 


/* 
PRX:EllJRE BLINE: 
THIS EXTElW\L PRJCEnJRE IlL1lM<SFlO4 
TIlE aJRSER 
ro 
TIlE END OF 


TIlE DISPLAY LINE */ 


/* 
PRJCEnJRE FILL: 
THIS EK'mRW. 
PKJCEWRE FILLS 
TIlE aJRSER 
LINE 
WITH SPAnS*/ 


FIT..L: 
PKJCEWRE EK'mRW.; 
END FILL: 


• 


;* 
PRJCEIXJRE CHEn< IWJD RATE: TIllS 
PRJCEIXJRE READS THE THREE roRr 
PINS 
eN PI 
AND SETS UP 
THE SERIAL 
roRr 
FOR TIlE SP&:IFIED 
IWJD RATE *; 


32 
1 
CHEn<$IWJD$RATE: 
PRJCEIXJRE, 
33 
2 
OCCN=70H, 
;* 
IoVDE 1 
ENABLE REX:EPl'IeN*; 
34 
2 
'IMlD='lMJD OR 20H, 
;* 
TIMER 1 Al1ID RELOl\O *; 
35 
2 
TR1xl; 
;* 
TIMER 1 eN *; 
36 
2 
ES=I, 
;* 
ENABLE SERIAL 
INl'ERRJPT*; 
37 
2 
ENSP=I, 
;* 
SERIAL 
INl'ERRJPT 
MASK FtJ\G 
*; 
38 
3 
00 CASE 
(PI 
AND 0711), 
39 
3 
, 
;* 
00 
IS 
oor 
ALUJoiED *; 
40 
3 
THl=040H, 
;* 
150 
IWJD *; 
41 
3 
THl~Ol\.OH, 
;* 
300 
IWJD *; 
42 
3 
THl=OD<II, 
;* 
600 
Bl\llD *; 
43 
3 
THl=OE8H, 
;* 
1200 
Bl\llD *; 
44 
3 
THlzOF4H, 
;* 
2400 
Bl\llD *; 
45 
3 
THlzOFAH, 
;* 
4800 
Bl\llD *; 
46 
3 
THlaORll, 
;* 
9600 
IWJD *; 
47 
3 
END, 
48 
1 
END CHEn<$IWJD$RATE, 


;* 
PRJCEIXJRE LOl\D aJRSER: 
LOl\D aJRSER 
TAKES TIlE VAUJE HElD 
IN Rl\M AND 
LOl\DS IT 
INro 
TIlE 8276 
aJRSER 
REXiISTERS. 
*; 


49 
1 
Ull\D$ClJRSER: 
PRJCEIXJREI 
50 
2 
IF 
aJRSER$Ctlzl 
THEN 
51 
2 
<lJRSER$(X)L-aJRSER$OJI.lHl, 


52 
2 
EXl~OI 
;* 
DISABLE IlJFFER 
INl'ERRlPT 
*; 
53 
2 
<XHWID$AIDRESS=8OH, 
;* 
INITIALIZE 
aJRSER 
<XMWID 
*; 
54 
2 
PARAMEn'ER$ADDRESS-aJRSER$(XlL, 
55 
2 
PARAMEn'ER$ADDRESS-aJRSER$R::M, 
56 
2 
EXl=I, 
;* 
ENABLE IlJFFER 
INl'ERRJPT 
*; 
57 
1 
END LOl\D$aJRSER, 


;* 
PRJCEIXJRE CARRIAGE$1lE'IUm 
*; 


58 
1 
CARRIAGE$RE1'URN: 
PRJCEIXJRE, 
59 
2 
DISPIAY$Rl\M$roIN1'ER9lISPIAY$Rl\M$roINrER-aJRSER$(XIlHI, 
60 
2 
aJRSER$O::>IlHI=O, 
61 
2 
aJRSER$CN=l, 
62 
2 
CALL LOl\D$aJRSER, 
63 
1 
END CARRIAGE$RElURN, 


65 
2 
66 
3 
67 
3 
68 
3 
69 
3 
70 
3 
71 
3 


72 
3 


73 
3 
74 
3 
75 
4 
76 
4 
77 
4 
78 
4 
79 
3 
80 
1 


81 
1 


82 
2 
83 
3 
84 
3 
85 
3 
86 
3 
87 
3 
88 
3 
89 
3 


90 
3 
91 
3 
92 
4 
93 
4 
94 
4 
95 
4 
96 
3 
97 
1 


/* 
PRJCmJRE 
rn<N 
OJRSER: 
T1US PRJCmJRE 
M:>VES"THE OJRSER rn<N 
mE 
JOoj 
m: AIDING 
1 ro THE OJRSER 
JOoj 
RAMr.o::ATION THEN CALL LOI\D OJRSER 
*/ 


lOoiN$OJRSER: 
PRJCmJRE; 
IF 
OJRSER$RM 
< 18H THEN 
00; 
aJRSER$CN=I; 
aJRSER$RM=aJRSER$RM 
+ 1; 
CALL LOI\D$QJRSER; 
IF 
DISPLAY$RAM$POINI'ER 
< 7800 
THEN 
DISPLAY$RAM$POINI'ER=DISPLAY$RAM$POINI'ER +50H; 
EI.SE 
DISPLAY$RAM$POINI'ER= (DISPLAY$RAM$POINI'ER-7800) 
; 


L=DISPLAY$RAM$POINI'ER-<:URSER$(DIDlN 
; 
IF 
DISPLAY$RAM(L)=OFlH 
THEN 
00; 
CALL FILL; 
DISPLAY $RAM(L) =200; 
EM>; 
EM>; 
EM> IXHl$OJRSER; 


/* 
UXJ{ 
FUR EM> OF*/ 
/* 
LINE CHARl'CI'ER */ 


/*IF 
TRUE FILL 
LINE*/ 


/*WITII 
SPACES */ 


/* 
PR:X:EllJRE UP aJRSER: 
T1US PR:X:EllJRE MJIIES THE aJRSER 
UP <NE RM 
m: SUBTRACTI~ 
1 ro THE aJRSER 
RM 
RAM r.o::ATION THEN CALL LOI\D OJRSER 
*/ 


UP$Q1RSER: 
PR:X:EllJRE; 
IF 
aJRSER$RM 
> 0 THEN 
00; 
OlRSER$RM=aJRSER$RM 
- 
1; 
aJRSER$CN=I; 
CALL LOI\D$CURSER; 
IF 
DISPLAY$RAM$POINI'ER<5OO THEN 
DISPLAY $RAM$POINI'ER=DISPLAY$RAM$POINI'ER!' 78111; 
EI.SE 
DISPLAY$RAM$POINI'ER={)ISPLAY$RAM$POIN1'ER - 
50H; 
L=DISPLAY$RAM$POINI'ER-aJRSER$OJIDlN 
; 
IF 
DISPLAY$RAM(L)=OFlH 
THEN 
00; 
CALL FILL; 
DISPLAY$RAM(L) =200; 
EM>; 
EM>; 
EM> UP$OJRSER; 


/* 
UXJ{ EUR me 
OF LINE* / 
/* 
CHARl'CI'ER */ 
/* 
IF 
TRUE FILL 
WITH */ 
/* 
SPACES */ 


99 
2 
100 
3 
101 
3 
102 
3 
103 
3 
104 
3 
105 
3 
106 
1 


107 
1 


108 
2 
109 
3 
110 
3 
111 
3 
112 
3 
113 
3 
114 
3 
115 
1 


/* 
PR:X:ElXJRE RIGIfl' QJRSER: 
THIS 
PR:X:ElXJRE M::lVESTHE QJRSER RIGIfl' ONE ffillJMN 


B'i lIIDING 
1 ro THE QJRSER ffillJMN 
RlIM lJXJlQ'ICN THI'1l CALL LOI\D QJRSER */ 


RIGIfl'$CURSER : 
PR:X:ElXJRE; 
IF 
QJRSER$COllJMN 
< 4m 
THI'1l 
00; 
OJRSER$COlllMN=ClJRSER$COllJMN + 1; 
OJRSER$CN=1; 
CALL LOI\D$CURSER; 
DISPLAY$RlIM$POINrER=DISPLAY$Rl\M$POINrER 
+1; 
END; 
END RIGIfl'$CURSER; 


/* 
PRJCEI1JRE LEFl' 
aJRSER: 
THIS 
PRJCEI1JRE M::lVESTHE aJRSER 
LEFl' 
ONE ffillJMN 
B'i SUBl'RlCl'IN:i 
1 ro THE aJRSER 
COUMl 
RlIM lJXJlQ'ICN THI'1l CALL LOI\D aJRSER */ 


LEFl'$CURSER: 
PRJCEI1JRE ; 
IF 
aJRSER$COllJMN 
>0 'l'Ha'I 
00; 
OJRSER$COllJMN=ClJR5ER$COllJoIN - 
1; 
OJRSER$CN=1; 
CALL LOI\D$CURSER; 
DISPLAY $Rl\M$POINrER=DISPLAY $Rl\M$POINI'ER -1; 


END; 
END LEFl'$CURSER; 


116 
1 


117 
3 
118 
3 
119 
2 
120 
2 
121 
2 
122 
3 
123 
3 
124 
3 
125 
3 
126 
3 


127 
3 
128 
2 


129 
3 
130 
4 
131 
4 
132 
4 
133 
4 
134 
4 


135 
4 
136 
3 
137 
2 
138 
2 
139 
2 
140 
2 
141 
2 


142 
2 
143 
2 
144 
2 
145 
2 
146 
3 
147 
3 
148 
3 
149 
3 
150 
2 
151 
3 
152 
3 
153 
3 
154 
2 
155 
2 
156 
1 


1* 
PRXEllJRE 
MJV$QJRSER: 
T1US 
PRXEllJRE 
IS 
USED IN COtUUN:TlOO 
WITH WRDSI'AR 
IF 
A EOC F IS 
REX::EIVEDFR:M 'llIE 
oosr 
CCMR1IER, 
'llIE 
TElMINAL <XNI'R)ILER 
WILL 


READ TIlE NEXT 'lID 
B:iTE ro 
Df:l'ERoIINE WHERE ro 
!'OVE TIlE aJRSER. 
'llIE 
FIRSI' 
B:iTE 


IS 
'llIE 
R:W INFOlMATlOO FOLLOoiED B:i 'llIE COilM'l 
INFOlMATlOO *1 


MJV$QJRSER: 
PRXEllJRE; 
00 WIIILE FlFO<4; 
1* WAIT UNl'ILL 
TIlE MJV$QJRSER PARl\MEl'ERS*1 
END; 
1* ARE REX::ElVEDINro 
'llIE 
FIFO *1 
TIMP=CURSER$R:W; 
aJRSER$R:W~ 
(2); 
IF aJRSER$IOoI>TEMP 
TIIElI 
00; 
L=DISPIAY$RAM$POINrERl- 
«(aJRSER$JOof-JI'EMP) *5OH); 
IF 
L>7Cm 
TIIElI 
1* IF 
<XlI' OF RAM RANGE *1 


DISPLAY$RAM$POINrER=L-7DOH; 
1* RAP AR:lJND ro 
BEGINNING *1 


~ 
~~RAM~ 
DISPIAY$RAM$POINrER=L; 
END; 
~ 
00; 
IF 
aJRSER$R:W<TEMP 
TIIElI 
00; 
L= (TEMP-aJRSER$R:W) 
* SOH; 
IF 
DISPLAY$RAMSPOINI'ER<L TIIE1I 
1* IF 
<XlI' OF RAM RANGE*I 
DISPLAY$RAM$POINIER=(7DCII- 
(L-OISPIAY$RAMSPOINI'ER» 
;1* 
RAP AR:lJND TO END OF RAM*I 
~ 
DISPIAY $RAMSPOINrER=DISPIAY$RAMSPOINI'ER--L; 
END; 
END; 
TIMP=CURSER$COilM'l; 
aJRSER$COilM'l~(3) 
; 
IF 
aJRSER$COUJolN>TEMP TIIElI 
DISPLAY $RAMSPOINI'ER=DI SPIAY$RAMSPOINI'ERI- (OJRSER$COUJoIN-'I'EMP) ; 
ELSE 
DISPLAY$RAMSPOINrER=DISPIAY$RAMSPOINI'ER-- (TEMP-aJRSER$COILMl) 
; 
aJRSERSQl=l; 
CALL I.OAO$aJRSER; 
L=DISPIAY $RAMSPOINI'ER--aJRSER$COilM'l; 
IF 
DISPIAY$RAM(L)=OFlH 
TIIE1I 
1* L<XJ< FOR END FO LINE CIfARllCl'ER*I 


00; 
CALL FILL; 
1* 
IF 
TRJE 
FILL 
WITH SPl\CES *1 


DISPLAY$RAM(L)=2OH; 
END; 
ES=O; 
00 
1=2 ro 
FIFO-2; 
SERIAL(I)~(I+2); 
END; 
FlFO=FIFO-2; 
ES=ENSP; 
END MJV$OJRSER; 


• 


157 
1 


158 
2 
159 
2 
160 
3 
161 
3 
162 
4 
163 
4 
164 
4 
165 
4 
166 
3 
167 
4 
168 
4 
169 
4 
170 
4 
171 
3 
172 
1 


174 
2 
175 
2 
176 
2 
177 
2 
178 
2 
179 
1 


ERASE$FIOI$OJRSER$TO$END$OF$SCREDl 
: 
PRX:EIlJRE; 
CALL BLINE; 
;* 
ERASE CURRENI' LINE 
*; 


IF 
CU~R$FCM 
< 18H T!m'l 
!Xl; 
L=DISPLAY$JW1$l'OmrER-aJRSER$COIalNI-50H; 
;* 
GEl' NEXT LINE 
*; 
!Xl WHILE 
(L < 7DOH) AND (L <> 
(LINEO AND 7FFH»; 
DISPLAY$JW1 (L) =OFIH; 
;* 
ERASE UNTIL LINEO OR *; 
L=Lf-50H; 
;* 
END OF DISPLAY JW1*; 
END; 
L=O; 
!Xl WHILE L <> (LINEO AND 7FFH); 
;* 
ERASE UNTIL LlNEO *; 
DISPLAY$JW1(L)=OFIH; 
L=Lf-5OH; 
END; 
END; 
END ERASE$FIOI$CURSER$TO$END$OF$.SCRE»l; 


!lJoIE: 
PRX:EIlJRE; 
CURSER$FCM=OO; 
CURSER$O)IaIN=OO; 
CURSER$<N=l; 
CALL LCV\D$CURSER; 
DISPLAY$iW!.$l'OmrER= 
(LINEO AND 7FFH); 
END !lJoIE; 


180 
1 


181 
2 
182 
2 
183 
1 


CLEAR$SCREE:N: 
PKX:EIlJRE; 
CALL !OlE; 
CALL ERASE$FIOI$aJRSER$'ro$END$OF$SCJm;:N; 
Em) CLEAR$SCREE:N; 


184 
1 
SCIOLL: 
PKX:EIlJRE ; 
185 
2 
CALL 1lLAtiC; 
186 
2 
EKO=O; 
/* 
DISABLE VERl'ICAL REFRESH INl'ERRJPI' 
*/ 
187 
2 
IF 
LINEO= 
IF8011 '1'IIm 
188 
2 
LINEO= 180011; 
189 
2 
ELSE 
LINEO= LINEO!-50H; 
190 
2 
EKO=l; 
/* ~ 
VERl'ICAL 
REFRESH INl'ERRJPI' 
*/ 
191 
1 
Em) SCR)LL; 


192 
1 


193 
2 


194 
2 


195 
2 


196 
3 
197 
3 
198 
3 
199 
3 


200 
2 
201 
2 
202 
2 


203 
2 
204 
2 


205 
3 
206 
3 
207 
3 
208 
3 
209 
1 


LINE$FEED: 
PKX:EIlJRE ; 
IF 
aJRSER$IDI=18H 
THEN 
CALL ocroLL; 
ELSE 
00; 
OJRSER$IDI= 
aJRSER$lO*l; 
OJRSER$CN=l; 
CALL-LOI\D$aJRSER; 
Em); 
IF 
DISPIAY$Rl\M$POrnrER 
> 17FH '1'IIm 
DISPLAY $Rl\M$POIN1'ER=OISPIAY $Rl\M$POINl'ER- 78011; 
ELSE 
DISPIAY$RAM$POINTER--DI SPIAY $Rl\M$POINl'ERt- 5011; 
L=DISPIAY$Rl\M$POrnrER-<'URSER$O)ll.MN; 
IF 
DISPLAY$RAM(L)=OFlH 
'1lIEN 
/* 
UXI< 
FUR END OF LINE CHARACTER*/ 
00; 
CALL FILL; 
/* 
IF 
TRJE 
FILL wrnI 
SPACES */ 


DISPIAY$RAM(L)=2011; 
Em); 
Em) LINE$FEID; 


• 


210 
1 


211 
2 
212 
2 
213 
2 
214 
2 


215 
2 
216 
3 
217 
3 
218 
3 
219 
3 
220 
4 
221 
4 
222 
4 
223 
4 
224 
3 
225 
3 


226 
3 


227 
3 
228 
2 


229 
2 
230 
2 
231 
1 


/* 
PRXE:XJRE 
DISPlAY: 
T1US PRXE:XJRE 
WILL TAKE THE BYTE IN RAM I.ABELID 
REl:EIVE AND RJT 
IT 
INro 
TIlE DISPLAY RAM. */ 


DISPIAY: 
PRXE:XJRE; 
DISPIAY$RAM (DISPIAY$AAM$POINTER) =REl:EIVE; 
IF 
DISPIAY$RAM$POINrER=7CFl1 
THEN 
/* 
IF 
};}lD OF RAM*/ 
DISPIAY$RAM$POINrER=OOOH; 
/* RAP ARlJND 
TO sa;INNI~ 
*/ 
ELSE 
DISPlAY$RAM$POINTER=DISPlAY$AAM$POINl'ERI-1; 
IF 
aJR>ER$O)IalN=4Fl! 
THEN 
00; 
aJRSER$O)IalN=OOH; 
L=DISPlAY$RAM$POIN'l'ER; 
IF 
DISPLAY$RAM(L)=OFlH 
THEN 
00; 
CALL FILL; 
DISPIAY$RAM(L)=2OH; 
};}lD; 
IF 
CUilSER$InF18H 
THEN 
CALL 0CKlLL; 
ELSE 
aJilSER$RlW=ClJRSER$H:JWr 1; 
};}lD; 
ELSE 
aJR>ER$O)IalN=CUR>ER$O)ID4N+-1; 
aJRSER$CN=1; 
CALL IJJl'.OCURSER; 
};}lD DISPlAY; 


232 
1 


233 
2 


234 
2 
235 
3 
236 
3 
237 
3 
238 
3 
239 
3 
240 
2 
241 
3 
242 
3 
243 
3 
244 
4 
245 
4 
246 
4 
247 
4 
248 
3 
249 
3 
250 
3 
251 
3 
252 
2 
253 
3 


254 
3 
255 
3 
256 
3 


257 
2 
258 
3 
259 
3 


260 
3 
261 
3 
262 
3 
263 
4 
264 
5 


265 
5 
266 
5 
267 
5 
268 
5 
269 
5 
270 
5 
271 
5 
272 
5 
273 
5 
274 
5 
275 
5 
276 
5 
277 
5 
278 
4 
279 
3 


/* 
PRX:EIlJRE 
DEI:IPHER: 
THIS 
PRX:EIlJRE 
DEI:ODES TIlE HOSl' CCMFI.1reR'S MESSAGFS AND DEl'EHUNES 


WIlEI'IlER IT 
IS 
A DISPLAYABIE 
CllARAC'ffiR, aNrIDL 
smJENCE, 
OR AN EOCAPE ~ 
TIlE PRX:EnJRE 
THEN l\CTS l\£XX)RD~ 
*/ 


DEI:IPHER: 
PRX:EIlJRE; 
STARl'$DEI:IPHER: 
VALID$RECEPTION=O; 
1=0; 
00 WIllIE 
(I<FIFO) 
AND (SERIAL(I»Ul!) 
AND (SERIAL(I)<7FlI); 
REI:EIVE=SERIAL(I) 
; 
CALL DISPLAY; 
1=1+1; 
END; 
IF 
1>0 'mEN 
00; 
FS=O; 
/* DISABLE SERIAL 
INl'ERRJPr 
WIllIE 
MJVIN:i FIFO */ 


K=FIFO-I; 
00 
J=O 'ID K; 
/* MJIIE FIFO */ 
SERIAL(J)=SERIAL(I); 
1=1+1; 
END; 
FIFO=K; 
ES=ENSP; 
/* DWlLE 
SERIAL 
INl'ERRJPr 
*/ 
VALlD$RECEPTION=l; 
END; 
IF 
FIro=O 
'mEN 
00; 
SERlAL$INT=O; 
<DID END$DEx::IPHER; 
END; 
IF 
(SERIAL (0) =l1lH) 
'mEN 
00; 
IF 
(EOC$5m=l) 
AND (FIFO<2) 
'mEN 
<DID END$DEI:IPHER; 
K=(SERIAL(l) 
AND sm)-4011; 
IF 
(K >0011) AND (K<OCII) 'mEN 
00; 
00 CASE K; 
, 
CALL UP$QJRSER; 
CALL IXm$CURSER; 
CALL RIGIfl'$CURSER; 
CALL LEFl'$(llRSER; 
CALL~; 
CALL MJII$CURSER; 


/* EOC A */ 
/* EOC B */ 
/* EOC c */ 
/* EOC D */ 
/* EOC E */ 
/* EOC F */ 


/* EOC H */ 
, 
CALL ERASE$FR:M$CURSER$TO$END$CF$SCRl'»l; 
/* EOC J */ 
CALL BLINE; 
/* EOC K */ 
END; 
END; 
ES=O; 
/* DISABLE SERIAL 
Im'ERlVPI'S 
WIllIE 
MJVIN:i FIFO */ 


• 


280 
4 
281 
4 
282 
4 
283 
3 
284 
3 
285 
3 
286 
3 
287 
4 
288 
4 
289 
4 
290 
4 
291 
3 
292 
2 
293 
3 
294 
4 
295 
4 
296 
4 
297 
4 
298 
4 
299 
4 
300 
4 
301 
4 
302 
3 
303 
4 
304 
4 
305 
4 
306 
3 
307 
3 
308 
3 
309 
3 
310 
2 
311 
3 
312 
3 
313 
4 


'314 
4 
315 
4 
316 
3 
317 
3 
318 
3 
319 
2 
320 
2 
321 
2 


00 
1=0 'IU 
(FIID-2); 
SERIAL(I)=SERIAL(1+2); 
/* KlVE FIR) 
*/ 


END; 
FIFO=FIID-2; 
ES=ENSP; 
/* 
ENABLE SERIAL 
INI'ERRJPI'S 
*/ 


VALID$RECEPTION=l; 
IF 
FIFO=O 
'mEN 
00; 
SERIAL$ INl'=0; 
QJID 
END$DEX:ImER; 
END; 
END; 
IF 
(SERIAL(O» 
07H) 
AND (SERIAL(O)<OE1l) 
'mEN 
00; 
00 
CASE 
(SERIAL (0) 
-08H); 
CALL LEFl'$CURSER; 
/* CTL H */ 


/* CTL J */ 


/* CTL L */ 
/* CTL M */ 


/* DISABLE SERIAL 
INI'ERRJPI'S 
WHILE KlIIIN:> FIR) 
*/ 


. 
CALL CIEAR$~; 
CALL CARRIl\GE$RErom; 
END; 
ES=O; 
00 
1=0 'IU 
(FIro-l); 
SERIAL(I)=SERIAL(I+l); 
END; 
FIFO=FIID-l; 
ES=ENSP; 
VALID$RECEPTION=l; 
END; 
IF 
VALID$RECEPTION=O 'mEN 
00; 
ES=O; 
00 
1=0 ro 
(FIID-l); 
SERIAL (I) =SERIAL (1+ 1) ; 
END; 
FIFO=FIID-l; 
ES=ENSP; 
END; 
IF 
FIFO=O 'mEN 
SERIAL$INl'=O; 
END$DEX:ImER: 
END DEX:ImER; 


/* PRlCEIlJRE TRAN~IT- 
THIS 
PRlCEIlJRE UXl<S lIT 
THE CLEAR ro 
SEND PIN FOR AN ACTIVE 
!DII SIGNI\L. 
CN:E THE MAIN CCMlUl'ER SIGNI\LS THE 8051 
THE AS:II 
CHAAACTERIS 
PIJl' 
IN'ID THE SERIAL RJRT. */ 


322 
1 
TRAN~IT: 
PRlCEIlJRE ; 
323 
2 
IF 
r..a:AL$LlNE 
=1 THEN 
324 
3 
00; 
325 
4 
00 WHILE (CLEAR$'ro$SEND=1) OR (TRAN~$INT=O); 
326 
4 
END; 
327 
3 
SBUF=AS:II $KE'i ; 
328 
3 
TRAN~$INT=O; 
329 
3 
END; 
• 


330 
2 
~ 
00; 
331 
3 
SERIAL (FIFO) =ASCII$KE'i; 
332 
3 
FlFO=FlFOH; 
333 
3 
SERIAL$INT=1; 
334 
3 
END; 
335 
1 
END TRl\N9oIIT; 


336 
1 


337 
2 
338 
3 
339 
3 
340 
3 
341 
3 
342 
3 
343 
3 
344 
2 


345 
3 
346 
4 
347 
4 
348 
4 
349 
5 
350 
5 
351 
5 
352 
5 
353 
4 
354 
3 


355 
4 
356 
4 
357 
4 
358 
4 
359 
4 
360 
4 
361 
3 
362 
1 


lIl1ID$REPFAT: 
PRlCEIlJRE ; 
IF 
~=1 
TH.EN 
00; 
TRAN~IT$'KO:iLE=O; 
TRAN~$aXJNI'=ODOII; 
CALL TRAN~; 
/* FIRSI' 
CHAAACTER*/ 
NEW$KE{=O; 
END; 
ELSE 
00; 
IF 
TRAN~IT$aXJNI' 
<> 
0011 TH.EN 
00; 
TRl\N9oIIT$aXJNI'~~$O:XJNT!-1; 
IF TRAN~$aXJNI'=OFF!I 
TH.EN 
/*r:JFLRl 
BEIWEEN FIRSI' 
CHAAACTERAND THE SEXXH> */ 
00; 
CALL TRAN~; 
/*SEInID 
CHAAACTER*/ 
TRAN~$aXJNI'=OO; 
END; 
END; 
~ 
00; 
C1JRSER$Ql=1; 
ClJRSER$(nJNT=0; 
IF 
TRAN~$'KO:iLE 
= 1 TH.EN 
/* 
2 VERT FRl\MES BEl'WEEN3R:l 'IO NTH CHAAACTER*/ 
CALL TRAN~; 
/* 
3R:l '1'IIRXJGI 
NTH CHAAACTER*/ 
TRAN~$'KO:iLE= 
WI' 
TRAN~$'KO:iLE; 
END; 
END; 
END lIl1ID$REPEAT; 


366 
1 
367 
1 
368 
1 
369 
1 
370 
1 
371 
1 
372 
1 
373 
1 
374 
1 
375 
1 
376 
1 
377 
1 


378 
2 
379 
2 
380 
2 


381 
1 
382 
1 
383 
1 
384 
1 


385 
1 
386 
1 
387 
1 


/.**** ••**********.*. 
START MAIN PROGRAM **** ••••••••••••••••••••••• 
/ 


/* 
BEX>INB'i 
rorrltli 
ASCII 
COOE FUR aLAN< IN TIlE DISPIAY 
RAM;*/ 


INIT: 
00 
L=O 'II:) 7Crn; 
DISPLAY $RAM(L)=2OH; 


END; 


FS:$SEQ=O; 
SCAN$INT=O; 
SERIAL$INT=O; 
FlFU=O; 
OJRSER$<XXJNr=O; 
LLC=O; 
IlI'.TA$TEaUNAL$REl\IJi=1; 
T<m=05H; 
LlNEO=1801ll; 
RASTER=1801ll; 
DISPLAY$RAM$POImER=OQOlll; 
TRl\NSoIIT$INT= 1; 


$IFSW1 


00 1=0 'II:) 7; 
LAST~(I)=OOH; 
END; 


VALID$KEY=O; 
LAST$SHIFl'$KE:l =1; 
IAST$a:Nl'RlL$K=1; 
LAST$CAP$I£Q{=1; 
$ENDIF 


$IF 
SW2 
ICVFLG=O; 
~=O; 
B'iFIN=O; 
KBDIm'=O; 
ERlPR=O; 
$ENDIF 


/* 
INITIALIZE 
TIlE 8276 */ 


COMMAND$ADDRESS=OOH; 
PARl\MEll'ER$AOORESS=4m ; 
PARl\MEll'ER$AOORESS=58H; 


PARl\MEll'ER$AOORESS=89H; 


PARl\MEll'ER$AOORESS=0F9H; 


/* RESEll' TIlE 8276 */ 
/* OOIfll\L lOiS, 
80 CHARl'Cl'ER/HM */ 
/* 2 HM CXlJNl'S PER VERl'ICAL 
RE:I'RACE 
25 IOiS PER FRAME */ 
/* LINE 
9 IS 
TIlE UNlERLINE 
POSITICtl 
10 UNES 
PER HM */ 
/* OFFSm' 
LINE <XXlNI'ER, N::tl-'I'RANSPARmr 
FIELD 
ATI'Rl1l1l'E 


PL,M-51 
cx:MPILER 
CRT<XNI'IDlLER 


390 
1 
'l'EMP=<XMWID$AOORESS; 


391 
1 
aJRSER$CXlLlMl=OOH; 
392 
1 
aJRSER$R:M=OOH; 
393 
1 
OJRSER$CXlL=OOH; 
394 
1 
CALL LOAD$OJRSER; 
395 
1 
'l'EMP=<XMWID$AOORESS; 


396 
1 
a:MoIAND$AOORESS=OEOH; 
397 
1 
'l'EMP=<XMWID$AOORESS; 


398 
1 
a:MoIAND$AOORESS=23H; 
399 
1 
CXMo1I\ND$AOORESS=OAOH; 
400 
1 
'l'EMP=<XMWID$AOORESS; 


/* 
STARr DISPLAY */ 
/* 
E1WU.E INl'ERRJPl'S 
*/ 


$IF 
SWI 
IP=IOH; 
IE=85H; 
$ENDIF 


$IF 
SW2 
IP=IOH; 
IE=87H; 
'lMID=05H; 
TLO=OFFH; 
TII0=OFFH; 
TRO=I; 
$ENDIF 


/* 
SERIAL 
POR1' lIAS HIGHEST PRIORI'lY 
*/ 
/* 
E1WU.E 8051 
EKTERUIL IN1'ERRJPl'S 
*/ 


/* 
SERIAL 
I'ORl' lIAS HIGHEST PRIORI'lY 
*/ 
/* 
E1WU.E TIMERO IN1'ERRJPl'* / 
/* 
TIMER. 0 =EVEN!' a:xJNl'ER 
*/ 


/* 
INITIALIZE 
a:xJNl'ER 
'ID FFFFH* / 


/* 
PRX:EIlJRE 
SCANNER: THIS 
PRX:EIlJRE 
OCJ\NS THE KRiOOl\RD AND DEl'ERo1INES IF 
A 
SItG..E 
VALID KRi 
lIAS Bml 
PUSHED. IF 
THJE THEN THE ASCII 
~IVALENl' 
WILL BE TRANll-IITTED 'ID THE IDST <XloUUI'ER.*/ 


403 
1 
SCANNER: 
EA=I; 
404 
1 
Dl\TA$TERoIINAL$REAUi=0; 
405 
1 
IF 
OJRSER$(XUNI'= lFH THEN 
406 
2 
00; 
407 
2 
QJRSER$(N=IDr 
OJRSER$CN; 
408 
2 
aJRSER$(XUNI'=00; 
409 
2 
IF 
OJRSER$CN=O TIlEN 
410 
2 
aJRSER$COL=7FH; 
411 
2 
CALL LOAD$OJRSER; 
412 
2 
mol 
413 
1 
IF 
UC<>LO::AL$LINE 
THEN 
414 
2 
00; 
415 
2 
IF 
LO::AL$LINE=O TIlEN 
416 
3 
00; 
417 
3 
ENSP=O; 
418 
3 
ES=O; 
419 
3 
mol 
420 
2 
ELSE 
CALL CHEO<$IWJD$RATE; 
421 
2 
UC=LOCAL$LINE; 
422 
2 
mol 
$IFSW1 
423 
2 
00 
WHILE OCJ\N$:mr=0; 
424 
2 
IF 
SERIAL$:mr=1 
TIlEN 
425 
2 
CALL DEJ:IPIIER; 
426 
2 
mol 


/* 
WAIT UNITL VERl'ICAL 
RE:rRACE BEroRE 
*/ 
/* 
~ 
THE KRiOOl\RD*/ 


• 


427 
1 
428 
1 


429 
1 
430 
1 


431 
2 
432 
3 
433 
3 
434 
3 
435 
4 
436 
4 
437 
4 
438 
3 
439 
4 
440 
4 
441 
4 
442 
3 
443 
4 
444 
4 
445 
5 
446 
5 
447 
5 
448 
5 
449 
4 
450 
5 
451 
5 
452 
5 
453 
5 
454 
4 


455 
5 
456 
5 
457 
5 


458 
6 
459 
6 
460 
6 


461 
7 
462 
7 
463 
7 
464 
7 
465 
8 
466 
8 
467 
8 
468 
8 


469 
8 
470 
7 
471 
6 
472 
5 
473 
5 
474 
5 
475 
5 
476 
5 
477 
5 
478 
4 
479 
3 


480 
4 
481 
4 
482 
4 
483 
3 
484 
2 


CALL RFADER; 
IF 
VALID$KE'i 
=1 AND SAME=l AND (IASl'$SHUT$KE'i=SHIFT$KEi) 
AND 
(IASl'$CAP$LOCK~$LOCK) 
AND (U\Sl'$(X)Nl'R)L$KEi=<XNI'R:JL$KE'i) 
THEN 
CALL AmU$REPFAT; 
ELSE 
00; 
IF 
KE'iO=O AND SAME=O THEN 
00; 
TEMP =0; 
K=O; 
00 
WHILE U\Sl'$KEi (K)=O; 
K:4<+l; 
END; 
TEMP=Ll\ST$KEi (K) ; 
00 1= (K+1) 'lU 7; 
TEMP=l'EMP+-Ll\ST$KEi (I) ; 
END; 
IF 
TEMP=U\Sl'$KEi 
(K) THEN 
00; 
J=O; 
00 WHILE 
(TEMP AND OlH)=O; 
TEMP=SHR (TEMP, 1) ; 
J=J+1; 
END; 
IF 
TEMP >1 THEN 
00; 
VALID$KEi=OI 
~=Ol 
ENDI 
ELSE 
00; 
IF 
cnn'R:JL$KE'i 
=0 THEN 
AOCII$KEi= 
(LGi$SCJ\N (K) .KFX (J») 
AND lml 
ELSE 
00; 
IF 
SHIFT$KEi=O 
THEN 
AOCII$KEi=LGi$SCJ\N 
(K+08H).KFX 
(J); 
ELSE 
00; 
AOCII$KEi=LGi$SCJ\N 
(K) .KFX (J); 
IF 
(CAP$LOCK=O) AND (AOCII$KEi>6OH) 
AND (AOCII$KEi<7BH) 
THEN 
AOCII$KEi=ASCII$KEi 
-2OH; 
IF 
u.c=0 
THEN 
00; 
IF 
AOCII$KEi=1BH 
THEN 
ESC$SEQ=l; 
ELSE 
ESC$SEQ=O; 
END; 
END; 
ENDI 
Ll\ST$SffiFT$KEi=SffiFT$KEi 
; 
Ll\ST$CAP$LOCK~LOCK 
; 
Ll\ST$(X)Nl'R)L$KE'i =<XNI'R:JL$KEi ; 
VALID$KEi=l; 
NEW$KE'i=1; 
END; 
END; 
ELSE 
00; 
VALID$KEi=O; 
NEW$KE'i=0; 
END; 
END; 
END; 


$IF 
SW2 
IF 
SERIAL$INT:l 
THEN 
CALL DEX:IPIIER, 
IF 
KBOINT :1 
THEN 
00; 
IF 
ERKlR 
:0 
TIIEN 
00; 
AOCII $KF:i:ISl'$KF:i 
(1) ; 
~:1; 
CALL AmQ$REPFAT; 
KBOINT:O; 
EMl; 
ERKlR:O; 
KBOINT:O, 
EMl; 
$EMJIF 


IoIDJIE 
lNR)RolATICN: 
ODE 
SIZE 
CCNSTAm' SIZE 
OIREI:T VARIABLE SIZE 
INDIREI:T 
VARIABLE SIZE 
BIT 
SIZE 
BIT-AOORESSABLE SIZE 
AllXILIARi 
VARIABLE SIZE 
MAXDDI 
STJI£X SIZE 
RFX;ISTER-B!\NK (S) 
USED: 
1056 
LINES 
RFAD 
o PRJGIWoI 
ERKlR(S) 
EMl OF PL,IM-51 
aNPllATI<JiI 


(STATIC-+OIIERLl\YABLE) 
= 08E6H 
22780 
: 
008111 
1280 
2IHt000 
45Ot- 
<Xl 
00Ht000 
OCt 
<Xl 
108+ 000 
1601- 
<Xl 
00Ht00H 
OCt 
<Xl 
= OOOlll 
OD 
= OOOCH 
120 
o 
• 


I~I~-!I 
~~S-51 
~A~Q~ 
A5~E~BLE" 
V2.1 
ObJ~C' 
MOullLE 
PLA~ELI 
11\ :fllCHTA51'1.UBJ 
A~5t~bLiR· 
I~VuK~O 
811 
A5.51 
IF1:LHIA~~.5wC 


OU2:) 
~01l0 
Ov21 
CO~O 
OU29 
COIlO 
OU2d 
65UOUO 
Ov2t 
li5UOU() 
OU31 
18UI 
olin c.2 
Ou3ll 
u5110 
OU3b 
112110 
Ou36 
,,0110 
Ou3A 
"OtO 
Ou3L 
uOllO 
OU3~ 
j2 


003f 
COUO 
Oulll 
CO~O 
Oullj 
LOli2 
Oll/j~ 
COb3 
OVll1 
llfA 
Oull9 
uOd3 
OUIIIl 1I0d2 


Ovllll uo~o 
Oullf uO"O 
01151 
32 


1 
Ii 
j 
II~ 
II 
7 
6 
Ii 
IU 
11 
Iii 
13 
III 
I:) 
III 
17 
111 
1'1 
20 
21 
22 
2j 
211 


2::; 
211 
2/ 
211 
2'1 
VEkT: 
3U 
31 
32 
3J 
311 
3:) 
311 
37 
36 
H 


1111 
III 
lie 


113 


1111 
IlUtFc.H: 
II~ 
lib 
III 
lid 
II~ 


511 


51 
51i 
5j 
5~ 


,",UIlLIC SLAI\K 
PUIlLlC 
BLIflE 
,",UIlLlC F llL 
EXlR~ 
IIAlA 
ILIf\EII,KA~TER,PuIf\T,5ERIAL,flfO,CUR~EK,~OUNT,L) 
EXIR" 
dIT 
15c.R1Nl,ESL5EQ,TkNINT,~CAN) 


EXTRh 
CCUE 
CUElA~HJ 
C5EG 
ATCvSI1) 
LJMP 
UEIACI1 


CSEG 
ATCOUI1) 
IlJMP 
bUFFER 


CSEG 
AICU2311) 
:)JI~P 
UK8UF 


PU:)H 
PUSH 
PUSI1 
MOV 
MOV 
MOV 
MOVX 
IN!; 
~ET8 


'"'01' 
POP 
POP 
KE fI 


,",U~11 
I'U~H 
I'U:>H 
I'U:lH 
ACALL 
,",01' 


'"'01' 


POI" 
1"01" 
HEll 


1'8'11 
Ace 
UOI1 
IHHIiR,L1NtO 
KASTERtl,L1NtOtl 
HO,*OII1 
A.':RIl 
LOUII 1 
5CAI\ 
UOI1 
ACL 
1'511 


;CLR 
8li7b 
INlEKRUPl 
flAG 


,INCK 
CUk5ER 
CUUNl 
REG15lEk 
,FOR 
DEBOUNCt 
KOUTINE 
;1'01' REG1SlEIlS 


IFILL 
621b 
RU~ 
BuFtEH 
;1'01' Rf.G15IEwS 


MeS-51 
~A •.• 
R(, "'S~E~~~E" 
CHUS,.. 


LUC 
OBJ 
U~~ 
~OIJRCE 


51> 
Ou5e! 
30liquq 
51 
SEr;BUF; 
JNlI 
U~~~,CvE" 
,n 
1RAN:;MIT 
BIT 
~uT 
StT 
THE~ 
CHEC~ 
RECEIVt 
Ou5S 
C2liq 
50 
CLH 
u~9~ 
,CLR 
THA~SMI~SIO~ 
INIE"RUPT 
fL .•• 
G 
Ou57 
1J2UO 
F 
S~ 
SEre 
lR~I,,' 
;StTb 
TRA~s 
INI 
fO" 
PLM51 
:;T.t.TuSCI1ECK 
Ou51i 
20~ee!B 
6U 
\iVtR.; 
JB 
Ii!I1,bClIA•.• 
K 
'IF 
HI 
NOT 
Sll 
GOB .•• 
CK 
Oil5e 
1.001 
61 
I'U:;H 
u I 
Oust. 
Aq9q 
~e! 
MOV 
R I, SllW~ 
,Rt.Au 
SSuF 
Ou6u 
C298 
6j 
CLi/ 
U'l8~ 
,CLEAR 
RI 
llIT 
Ou!>2 
L.OLlO 
6~ 
PUSH 
PS~ 
,PUSh 
HEC;ISTt:R~ 
UStD 
BY 
PLM51 
00641 
COtO 
65 
PU;;H 
"'CC 
OU61> 
COUo 
61> 
PUSH 
0011 
0060 
L.2UO 
F 
67 
CLI< 
teCStQ 
,CL.R ESC 
StQUENCt 
FLAG 
OU6A 
741UO 
F 
68 
MOV 
A,I/StRIAL. 
,GET 
StRIAL 
fIfO 
R"'M START 
LUCATlON • 


Ou6C 
c!500 
F 
61i 
ADU 
.•• 
,~HC 
,AI'<D F lI'<UHall fAR 
INTO 
THE 
F IFu 
lIE ARE 
OU6E 
F8 
7u 
MOV 
HO,A 
,PUT 
IT 
I~TO 
Ru 
Ou6f 
tq 
11 
MOU 
"',"1 
OU7u 
C 20 
7e! 
CLR 
uE7k 
,CL.R BIT 
7 
OF 
ACC 
Ou7e! 
F6 
73 
MOU 
aiRU,A 
,PUT 
DATA 
IN 
FIFU 
OuH 
bqlBU2 
741 
CJNE 
A,IIIOH,OvEiH 
'IF 
DATA 
IS 
NOT 
A 
tSC 
KEY 
THEN 
GO 
UVtR 
0071> 
0200 
F 
7~ 
SETB 
tSCStQ 
'S~, 
EsC 
SEQUENCt. 
FLAG 
Ou711 
u5uO 
F 
71> 
UVtRll 
INC 
FIFC 
,MOV 
FIFO 
TO 
NtXT 
LOCATION 
OU7A 
\l2uO 
F 
71 
SETB 
SENINT 
,SET 
StRIAL 
IN1 
oIT 
FOH 
flLM51 
STATUS 
CHECK 
OU7(. 
\101/0 
711 
1"01' 
OOH 
,POP 
REGlSlERS 
Ou7E 
UOtO 
7'i 
POP 
.••• 
CC 
OU8u 
UOUO 
8U 
POI' 
flU 
Ou82 
UOul 
81 
POP 
01" 
Ou841 
32 
82 
C;OllACKI 
RETI 
83 
OU8~ 
COUO 
84 
oLANKI 
PUSH 
PS~ 
,PUSH 
RE~ 
uSED 
BY 
PLM51 
0087 
COtO 
A~ 
PUSH 
Ace 
Ou81i 
COll2 
81> 
PUSI' 
UPL. 


OU811 
CO,13 
87 
PUSH 
IlPH 
bueu 
COUO 
811 
PUSH 
00., 
Ou8F 
&500112 
F 
89 
~iOV 
UPL,L.INEu+l 
,GET 
LINEO 
II~Fu 
OU'Ie: 65\10b3 
F 
'Iu 
MOV 
VP",LINEO 
,AND 
PUT 
IT 
INTO 
Ot'TH 
O\l'l~ 78~0 
'II 
",OU 
"O,'~OH 
,NUMaEH 
OF 
CHARACTERS 
IN 
A 
LINE 
00'17 
/qe:O 
'Ie: I~OTYETI 
MOV 
A,.2UH 
,ASCII 
SPACE 
CHARACTER 
OU'IIi FO 
'13 
MOUX 
••CPTR,A 
,MOV 
TO 
DISPL.AY 
RAM 
Ou'lA 
A3 
'I~ 
INC 
LlPIR 
,I~CH 
TO 
~tXT 
UI~PLAY 
HAM 
L.OCATION 
Ouqo 
U8~_ 
'I~ 
UJNZ 
HO,~u1YEI 
,IF 
ALL 
SOH 
LOCATIUNS 
ARE 
NOT 
fILLED 
'Ill 
,GU 
LID MORt; 
OU'Iv 
vOUO 
'17 
POP 
UO" 
,POP 
RI;GISlENS 
Ou'IF 
DOb3 
'Ill 
POP 
UP., 
OU_l 
vObi! 
'19 
POP 
UPL 
Ou_.5 
UO"O 
IOU 
POP 
ACC 
Ou"':. uO\lO 
101 
POP 
Ph 
OU.7 
c!i! 
He! 
~ET 
10j 
+1 
~EJECT 


~I,;S·51 ,UI,;RIIAS,;ErB~E" 
e"TAS., 


lue 
IIBJ 
L!~~ 
~OuR~E 


1041 
OUAo 
1,;0uO 
10:> 
olIN~: 
I'U~I; t"S~ 
,PUSN 
kEuIST~R~ 
US~D 
Bl 
Pl~S1 
OUAA 
••01;;0 
lOa 
PUS~ 
A>C~ 
OUAI,; ••01l2 
I~ , 
I'U;;~ I.P~ 
OUA~ 
1.01l~ 
lOll 
I'USt" uPh 
OUBU 
COUO 
10~ 
I'U~I< UOh 
00Bo2 
05u003 
F 
llU 
MOV 
uPn,I'CINI 
,G~T 
CURkE~T 
DISPLAY 
HA~ 
lUCAT10~ 
OOB:) 
0511002 
F 
III 
MOV 
UPLdCI~r+1 
OIlBo 
'I311310 
II.: 
URL 
uFh,UOH 
ISt.T BIT 
15 
rOk 
••AM 
AoURtS:; 
uECouIhG 
OUBo 
ABUO 
F 
1!j 
MOV 
"O,CUR,;E" 
IGtT 
CURSE" 
LoLUMN 
I~FO 
10 
Tt:lL 
NO~ 
11'1 
,FAR 
I~TO 
THt. ko~ 
lOU 
ARE 
OuBU 
/'120 
II:> 
LOI~T II 
MOv 
A,*2uH 
,ASCII 
Sf'ALE 
ChAHACT~R 
OUBr 
1'0 
1110 
MOVX 
••OrTH,A 
,MOV 
TU 
UISPLAl 
HAM 
oueu 
1\3 
111 
lNe 
LlPIR 
'INCH 
TO 
~EXI 
UISPLAl 
HAM 
LOCA TIuh 
OUel 
UB 
I III 
LNL 
HO 
OUCe 
oB:>OFB 
II ~ 
CJNE 
HO,*S0N,LOI~T1 
,IF 
NOT 
AT 
TNE 
E,lo Or 
THE 
Ll"'E 
12U 
, CONTINUE 
oUC~ 
1.I0uO 
121 
POI' 
UON 
,PUP 
RI;;GISIEHS 
Ouel 
u003 
122 
POP 
uPh 
oue~ 
u002 
123 
I'OP 
UPL 
ouell 
UOI;;O 
12'1 
1'01' 
ACI. 


oueu 
IIOUO 
12~ 
POP 
PSn 
OUeF a 
Ilt> 
HET 
121 
OUOU 
COUO 
1211 
FILL: 
PUSH 
I'h 
,PUSH 
HEijIST~R:; 
USto 
8l 
PLMSt 
OuO.: 
1.0~0 
12~ 
PUSH 
A>CC 
00041 
LOll2 
13u 
I'USH 
UPL 
OUob 
eOll3 
131 
I'USH 
OPH 
Ouoo 
I,;OUO 
132 
PUSH 
001'1 
OUoA 
C3 
lH 
elR 
e 
OUoll 
05u003 
F 
13'1 
MOV 
VPN,L 
'GET 
8t.GI~NING 
Or 
LINE 
RAM 
LOCATION 
OOoE 
oSUOll2 
F 
13:> 
MOV 
UPL,L+I 
,CALI.ULATEu 
oY 
PLMSt 
OuEI 
11311310 
1310 
URL 
LlPh,UuH 
,SET 
8IT 
IS 
FOH 
LlISPLAT 
RAM 
AoURUS 
LlEeOVE 
OOE •• /B'IF 
131 
MOv 
HO,UfH 
,SET 
UP 
CouNTEH 
FoH 
SOH 
LoCA TIUNS 
OuEt> 
A3 
1311 
INe 
UPTR 
,GU 
PAST 
THE 
OFtN 
ouEl 
''IeO 
13'1 
CONT21 
MDV 
A,*2ul; 
'ASCII 
SPACE 
CHAHACTt.R 
OOE'I 
FO 
1'10 
MOVX 
••OI'TH,A 
,MOVE 
10 
OISl'lAY 
RAM 
OUEA 
A3 
I'll 
INI. 
upa 
'INCH 
TO 
NEXT 
UISPLAY 
HAM 
LoeA lION 
OuEo 
uBI'A 
1'1': 
UJNZ 
Ho,eu~T2 
'IF 
ALL 
19 
LUCATIONS 
HAVE 
NOT 
6EEN 
F,\LLEu 
l'1j 
,THEN 
eor.TINuE 
Oufu 
uOUO 
1'1'1 
POP 
UOh 
,PUP 
R~GlSTEHS 
OuEf 
uOll3 
1'1:> 
POP 
liPh 
ouFI 
U002 
l'1b 
1'01' 
"PL 
OuF.5 
1.101;;0 
I'll 
POP 
Ael. 


OuF:> 
UOuO 
1'10 
POP 
PS~ 
OUF1, a 
1'111 
HEf 
!SU 
151 
loSe +1 
:lEJELT 


"'loS-51 
f'lAI,;R"AS~e. 
B~E~ 
C"TAS~, 


LvC 
"PJ 
Lllle 
~OuR\..E 


15.1 
15~ 
1+····'··"""""""""""""""""""""'"+++.+++.+.++++ 


15~ 
IThI~ 
KOuTl11t 
MC~E~ 
UI~P~A' 
~AM 
UATA 
T~ 
~O~ 
cUfftR 
Or 
u276 
150 
i"""""""""""""""""""""""""'"+.+ 
••• +.++.+++ 
15/ 
Oufo 
cl11B 
150 
vO"NI;: 
AJMP 
U~Ao"e 
15~ 
OuFA 
115u003 
f 
16u 
UMA: 
1'I0~ 
up",,,A~TtR 
iLuAU 
xfl;R 
PUlr.TtR 
HIGH 
oYTE 
OufU 
0511002 
f 
161 
MOV 
"P~,~ASTtR+l 
:lUAU 
xfER 
PUIIIHR 
lUW 
IlYTt 
OlaV 
eO 
a" 
MOVX 
A, ••O~T~ 
0101 
1\3 
16.1 
INC 
vPTR 
alae 
cOc31'3 
16'1 
JB 
IIB3hOUOI;E 
lIt 
INTI 
HIGH, 
TI1EII UMA 
15 
OVE" 
010~ 
1;0 
16~ 
,",OVX 
A, ••Ol'l" 
0101> 
A3 
161> 
INC 
L;PI~ 
0107 
to 
167 
MOVX 
A, ••CI'TH 
01011 
.3 
160 
INI; 
UP 1R 
010~ 
t.0 
169 
MOVX 
A,"CJ'TH 
010A 
A3 
17u 
INC 
lIPTR 
010b 
~O 
171 
MOVX 
A, ••OI'T~ 
010C 
A3 
17C 
INC 
VPTR 
01011 
t.0 
173 
MOVX 
A, ••OI"T" 
010t. 
A3 
17'1 
INC 
UPT" 
Olaf 
to 
17~ 
MOVX 
A, ••CI"T" 
011u 
A3 
176 
INC 
lIPTR 
0111 
~O 
177 
MO~X 
A, ••OI"T~ 
all" 
A3 
170 
INC 
lIPIR 
a 11.l 1;0 
179 
MOVX 
A, ••OP1" 
all •• A3 
180 
INC 
liPIR 
011~ 
1;0 
181 
TEt;: 
MOVX 
A,.O,.T •• 
0111> 
A3 
18o! 
INC 
uPIR 
0111 
to 
183 
MOVX 
A,.OP1" 
01111 
1\3 
18 •• 
INC 
uPIR 
01l'i 
fa 
18~ 
MOVX 
A, ••OP1" 
aliA 
A3 
181> 
INC 
UPTA 
0110 
to 
1117 
MOVX 
A, ••Ol'l" 
Olll 
A3 
1811 
INI,; 
UPIR 
OIIU 
'::0 
189 
MOVX 
A, ••OP1" 
011t. 
1\3 
1911 
INC 
UPIR 
Ollf 
1;0 
I'll 
MOVX 
A, ••OP1" 
012v 
A3 
19" 
llliC 
LIPrR 
0121 
eO 
193 
MOVX 
A, ••01'1" 
012o! 
A3 
19'1 
INC 
IIPTR 
0123 
to 
19~ 
MOVX 
A,.,0l'1H 
012'1 
.3 
I'll> 
INC 
IoIFH 
012~ 
t.0 
197 
MOVX 
A,.Ol"l •• 
0121> 
A3 
lqll 
Ifl'C 
"PI" 
0127 
eO 
1'l9 
/'IOVX 
A, ••Ol'l" 
01211 
A3 
cou 
INC 
uprH 
012'1 
t.0 
cOI 
IWt.NlY : MOVX 
A, ••Or'l" 
012A 
A3 
cO2 
INC 
LiPIR 
0120 
EO 
e03 
MOVX 
A, ••OPlri 
012~ 
A3 
cO •• 
INL 
IoIPTR 
012U 
t.0 
~O~ 
MOVX 
A, •.Cl"l•• 
0121; 
A3 
,,01> 
INC 
lIPTA 
012f 
t.0 
co'1 
MOVX 
A, ••Ct'1K 


1I1.S-~1 
~'A~~u 
AS:iEjY,B~Eh 
C",TAS" 


LliC 
u@J 
Ll~~ 
:.OuRl.E 


013u 
A3 
.:011 
!N\; 
uFTA 
0131 
~O 
.:O~ 
MOVX 
A.QCI'T •• 
013i! 
A3 
.:IU 
!Nl. 
uF/A 
013j 
~O 
.:\1 
,"OVX 
A,QOPT" 
013~ 
1\3 
d.: 
INl. 
"F'~ 
013~ 
~O 
.:IJ 
MlHX 
A,QC~Trc 
013& 
A3 
C1~ 
I~C 
uF1R 
0131 
~O 
eI~ 
MOVX 
A,QCI'Tt< 
01311 
A3 
.:1& 
INC 
IIFIR 
013~ 
~O 
ell 
MOVX 
A,QC"Trc 
013A 
103 
ellI 
!NC 
liPTR 
0131:1 to 
cl'i 
MOVX 
A,QCpTt< 
o 13C 
A3 
ceU 
INC 
IIPIR 
013U 
to 
cel 
THIRTYI 
MaVX 
A,QOt-Tt< 
013~ 
A3 
C2c 
INC 
IIPTA 
o 13F 
to 
cej 
MOVX 
A,QOpTI< 
OIOU 
A3 
cell 
!NC 
IIPTR 
0101 
to 
a~ 
MOVX 
A,aCpTt< 
OIOc 
A3 
'e& 
INC 
UPTR 
010j 
~O 
,if 
MOVX 
A,aOI'T •• 
01011 
1\3 
'ell 
!NI; 
IIPTR 
010~ 
to 
.:e'i 
MOVX 
A,aCPTI< 
01011 
A3 
i!3V 
INC 
UPTR 
010"1 to 
C31 
MOVX 
A,aOi'TI< 
01011 
A3 
'3c 
INC 
UPTR 
0111~ 
~O 
e3J 
MOVX 
A,aOI'TI< 
OIOA 
A3 
c311 
INC 
UPIR 
01111; to 
i!3~ 
MOVX 
A,QOi'T" 
0111C 
A3 
c30 
INC 
UPTR 
01011 to 
i!31 
MOVX 
A,aoPll< 
0101:. A3 
,311 
!NC 
UPTR 
010~ 
to 
e3'/ 
MoVX 
A,aol'll< 
015u 
A3 
o!OU 
INC 
UPTR 
0151 
~O 
cOI 
FOl<n 
I 
MoVX 
A,aOl'll< 
015.: 
A3 
'Oe 
INI; 
IIPTIi 
015J 
~O 
ellJ 
MOVX 
A,ao"l 
•• 
01511 
1\3 
i!1I'! 
INC 
UPTR 
015~ 
to 
ell';; 
MOVX 
A,aoPl" 
0150 
A3 
cOo 
INC 
UP IR 
0157 
~O 
c07 
MOVX 
A,aO •.•T" 
01511 
A3 
cllll 
INC 
UP T R 
015~ 
to 
cO'i 
MOVX 
A,QOI-TH 
015A 
A3 
c5v 
INC 
UP1R 
0151:1 to 
e51 
MOVX 
A,aOIlTH 
0151. 
A3 
c5e 
INC 
uplR 
0150 
to 
e5J 
MOVX 
A,aO •.•T" 
0151:. A3 
e5'! 
INI; 
uPIR 
o 15F 
~O 
c5~ 
MCVX 
A,QOlllH 
Ol/>U 
A3 
e50 
11\1; 
uplR 
Olbl 
~O 
cSf 
Mavx 
A,QOlllt< 
01be 
A3 
.:511 
INC 
uPIR 
01bJ 
~O 
c5'i 
I~OVX 
A.QC •.•TI< 
OH·lI 
A3 
cb(, 
INC 
"P1R 
Olb~ 
to 
ebl 
~HTY: 
MOVX 
A.QO"T", 
Olbo 
1\3 
.:be 
INl. 
uFIR 


"1,;5-51 
~'.L.RU AS~E~~I,;E" 
C"TASM 


LuC 
U~J 
ll~~ 
~OURI,;E 


011>1 
to 
<cJ 
MOVX 
.,40I"T" 
011>11 A! 
<I>~ 
1"1; 
UFII< 
Oll>~ 
to 
.6~ 
MCVX 
.,40I"T" 
0l'6A 
A~ 
.60 
INI; 
~PIR 
Oll>tl LO 
,,67 
MOVX 
A,40I"T" 
0161,; A! 
<60 
If\C 
"FIR 
OlbU 
to 
t!6~ 
MCVX 
A,40t'T" 
o Ht 
A! 
.7V 
INC 
UPIR 
016~ 
to 
.71 
MOVX 
A,40t'T" 
0170 
A3 
c7l!. 
INC 
UPIR 
0171 
LO 
.7:. 
MOVX 
A,,,Ot'T,, 
017. 
A3 
c:7~ 
INC 
uPIR 
017 J 
to 
d5 
MOVX 
A,,,Ot'l" 
• 


017~ 
A! 
c7b 
INC 
UPlR 
017~ 
to 
c:71 
MOVX 
A'40t'l" 
0170 
A3 
,,71l 
INC 
UPll< 
0171 
c:.0 
c:7~ 
MOVX 
A,40t'lIl 
01711 
A3 
c80 
INC 
uPIR 
0179 
to 
cl81 
:iIATV I 
MOVX 
A,401'1" 
017A 
A3 
,,8il 
INC 
UP IIi 
01711 
t.0 
t!8J 
MOVX 
A'401'1" 
0171; 
A3 
e8~ 
H~C 
IIPIR 
017U 
to 
c~) 
MOVX 
A,,,Ol'l,, 
017t 
A3 
c80 
INI; 
IiPlR 
017f 
EO 
il87 
MOVX 
A,401'1" 
01811 
A3 
el8ll 
INC 
UP1R 
0181 
to 
':89 
MOVX 
A,401"1H 
018" 
A3 
el'lll 
INC 
LlPIR 
018.3 
to 
c'll 
MOVX 
A, ••01'1" 
Olh 
A3 
e'le 
INC 
UPlli 
018~ 
to 
c'lJ 
MOVX 
A,401"1" 
0180 
A3 
c'l~ 
INC 
OPIR 
0187 
to 
e'l:i 
MOVX 
A,401'1H 
01Bll 
A3 
e'lO 
INC 
UP/R 
018'1 
to 
c'll 
MOVX 
A,40Plh 
018A 
A3 
<'Ill 
INC 
OPlR 
018tl 
to 
i!'1~ 
MOVX 
A,401"1H 
0181; 
A3 
JOII 
IN(; 
UP Tfi 
018Li 
to 
JOI 
:;EVNTYI 
MOVX 
A,40t'1H 
018t 
A3 
JOel 
INC 
uPIR 
018f 
to 
.30J 
MOVX 
A,40 ••1/'l 
01'111 A3 
030" 
IN\,; 
LlFIR 
0191 
EO 
030:> 
MCVX 
A,401'1" 
01'1c 
A3 
JOb 
INC 
UPIR 
019J 
to 
0301 
MOVX 
A,40,..l/'l 
01'1~ 
A3 
.lOll 
INC 
uPlli 
01'15 
to 
JO'l 
IoOVX 
A,,,O •.. 
Th 
01'l1l A3 
Jill 
INC 
uPIR 
01'l1 
to 
.HI 
MOVX 
A,40"1" 
01'111 A3 
Jlc 
INC 
UPIR 
01'1'1 to 
JI:. 
MOVX 
A,4Dt'1" 
01'lA 
A3 
Jl~ 
INC 
LiPIR 
01'lb 
to 
.lD 
MCVX 
A,401"1" 
OI'lC 
A3 
JlO 
IN\,; 
uPIR 
01'1U 
to 
J II 
MOVX 
A,401"1" 


M~S·51 
MA~llU 
AS~EP 
HI-f" 
Cr(TAS~ 


LUC 
U8J 
U~L 
~OuR~E 


OIQL 
A3 
Jill 
.,,1,; 
u~l~ 
OI'lF 
La 
JI~ 
I-,OVX 
A,~CrT" 
OIAU 
A3 
JeU 
Hi!: 
uFI~ 
a IA I to 
J21 
tIbHTY 
; ~IOVX 
A,~Ct'Tr( 
OIA~ 
A3 
J2~ 
H,~ 
"PT~ 
J2J 
OIAJ 
io5113 
J2~ 
~HLC~: 
MOV 
A,UP" 
OIAJ 
o~IFuC 
J2J 
I,;Jf'<E 
~,ltHH,OUNt 
OIAI> 
~5112 
.l211 
~,OV 
A,uP" 
OIAA 
d~uou7 
.l27 
!:JI;E 
A,ltOUOIi,UC"E 
OIAu 
15UOl8 
F 
J21l 
MO~ 
HASTtR,_18n 
o HIU 
75uOuO 
F 
J2~ 
~,OV 
r(ASTt~+I, 
.VOn 
OIRJ a 
Hu 
!lET 
HI 
018~ 
1l5113uO 
F 
J3~ 
uOI;E: 
MO~ 
kASTtll,OI'H 
0187 
115112uO 
F 
BJ 
MO~ 
I<A~T~~tl,Of-l 
018A 
22 
.l3~ 
I(EI 
BJ 
0180 
(;3 
.l311 
UMAONE: 
ClH 
C 
018C 
~5112 
337 
MOV 
A,UPl 
OIBl 
~qljF 
J311 
AOU 
A,,.7'i0 
IAOU 
79 
Tu 
llUFFtR 
PUINT~R 
OICu 
F502 
.l3'/ 
MOV 
UP",A 
ITa GO 
TV 
~EXT 
018~lAY 
liNE 
olC~ 
JOUF 
.lau 
JNC 
I.l'tCII 
liN 
THE 
OlSFl"V 
MfMURY 
olC~ 
u5113 
.lal 
lNC 
LooPn 
olCo 
cOU8 
Ja~ 
SJMP 
C"~CII 


.l~J 
.lalj 
.laJ 
tNU 


~~s·51 
MA~R~ 
As~E,BLf 
•• 
CMTAS,', 


SYM~OL 
IA~Lt 
LI~T!"10 


~ 
A 
" 
E 
T 
Y 
P 
E 
V 
A 
L 
U 
E 
A 
T 
T 
II 1 
B 
l 
T 
E 
S 


ACC. · 
0 
Aue" 
OuEU~ 
A 
BlAI\K. 
C 
AuO •• 
oua:>~ 
A 
PUB 
Bll"E. 
C 
AUoM 
OUA~M' 
A 
PUB 
BuFFE" · · 
C 
A"o" 
OU3~H 
A 
CHECK. 
C 
AuO •• 
01AJH 
A 
CuNII. 
C 
ALio•• 
OUB~H 
A 
Cu/,;T2. 
C 
A~e •• 
OuEI~ 
A 
Cuu"T. 
0 
AUoM 
nT 
CuR:;Ek · 
0 
AUO" 
EXT 
OlJOi>E. 
C 
AUC" 
OuF~H 
A 
• 


OIoIA. · · 
C 
AUo" 
OuFAH 
A 
O/,\AONt 
C 
AUC •• 
O~BclH 
A 
DONI; 
C 
AUO" 
OIB~H 
A 
Of/H. · 
0 
Aue" 
OU@3H 
A 
OPl. · 
0 
AllO" 
Oua~H 
A 
EIGHTY 
C 
AUOM 
OIAIH 
A 
ESC:lEw · · 
II AUC" 
EXT 
FIFO · 
0 
AUC" 
ExT 
FIFTY. 
C 
AUO" 
OH:>I; 
A 
FIll 
C 
ALiCk 
OOCUI; 
A 
PUB 
FuRTY. 
C 
AUCk 
01511; 
A 
GUBAC" 
C 
Aoe" 
OUeql; 
A 
l. . . 
0 
ALio" 
EXT 
lINI;O. 
0 
AUO" 
EXT 
NUTYE 
I 
C 
AUO" 
ouHI; 
A 
OvEk 
C 
AUC" 
OUS'l1; 
A 
OVERI. 
C 
AuOR 
Ou7111; 
A 
pu[",T. 
0 
AuD" 
EXT 
P:;••••· 
0 
AUOM 
OUOUI; 
A 
IIAslEM 
0 
Aue" 
EXT 
sbUF · 
0 
AoC" 
OU9'l1; 
A 
sCAI'< · 
e 
AUOk 
EXT 
sl;RtlUI'· · 
C 
AUO" 
Ou5~1; 
A 
sl;RlAl 
0 
AUOk 
EXT 
sl;RINl 
!l 
AUOR 
ExT 
sl;VNTY 
C 
AUO" 
OleUI; 
A 
SIX IY. 
C 
AUCM 
01791; 
A 
TtN. · 
C 
Aue" 
011:>1; 
A 
THlkTY 
C 
AUO" 
013lJH 
A 
TkN1NI 
B 
Ao./Ok 
EAT 
Yr.EI'<TY 
C 
Aue" 
01?~1; 
A 
VI;R'I · 
C 
AUO" 
Ou2:>1; 
A 


REGISTE" 
tlAI\K(sJ 
UStC; 
u 


ASSE"tllT 
~OMPLErE, 
I'.CE"RUR:; 
~OUNu 


l~l~.ll 
~~S·51 
~~~R~ 
~S~E~BLEH 
.2.1 
C~JtCl 
~O~ULE 
PL~LE~ 
&~ :tl:KtY~C.ODJ 
'~St~DLtR 
I~VyKtr. 
~I: 
AS~51 
:FI:~EYBU.~R~ 


LyC 
yBJ 
U~t 


c: 
j~~ 
0 
1~ 
'i 
IU 
11 
II! 
IJ 
1'1l' 
10 
1/ 
10 
19 
2u 
21 
2i! 
23 
2'1 
2:' 
20 
27 
211 
29 
3U 
31 
31! 
!j 
3'1 
3:> 


31> 
+1 


'*** __• 
• __._._* 
.. _ 
_. 
.. _. __• __*_a __ *_a_ta._. 
_ 


;************************************.****************a_* 
__ t,_._a __ a 
_ 
;a___ 
.", 


;.... 
~CrT"AHE 
FyR 
RtAUI~G 
AN 
U,,"uEL;OUEu 
•••• 
,.... 
KEYIIOARU 
•••• 
;_._. 
at" 
'***_. __, •• 
._. 
• 
•••• 
._._ •• 
._. __a,*""".,.,*._", 


i********************************************************. 
__a ••• 
_._ 
•• 
_ 
,,,,,,,, 


/ 
/, 


/ 
/, 


/ 
t'UbL.1C 
REAuEte 
EXTRh 
uATA 
(LaTKEY) 
EXTRN 
lilT lKEYU,~AME) 
,*_* 
a 
.... 
._. 
._._._._._._.a __... 
._._ 


/* 
* 
/* 
"REAllEH "HOUT INE." 
* 
/* 
• 
i.-*_a-_--a-._- 
._ •• _•• 
* ••••• 
_••• 
_••••• 
*****_*a* 
••• a••••• _ 


~EJEL;T 


'1. •• 5-51 
MA ••Ru 
.S:;H~~E. 
KtY"O 


LuC 
uBJ 
L!1It 
:;OuR~E 


3/ 
311 
uNUE~OuEu_~E'BuA"C 
StGME~T 
CuOt 
30; 
.5tG 
U~DtCUDtO_KtYllC.Ru 
~II 
~ I 
~c: 
OuOIl 
eouo 
~j 
"EADtRI 
I'USH 
"'S~ 
,PUSH 
"Eb 
US~D 
BT 
I'LM51 
OuO~ 
~OtO 
~ij 
PUSH 
AC~ 
011011 COlli! 
~:> 
I'USI/ 
OFI. 


OuOt> 
~01l3 
~" 
PUS •• 
up" 
OUOll 
COuO 
~/ 
1'1.15" 
liOn 
OuOA 
COul 
~ll 
PUS •• 
111" 
ouoe 
COlli! 
G'I 
I'USH 
IIi!H 
OIiOt 
COll3 
5U 
PUSH 
u311 
Ollia 
9010fF 
51 
MOV 
uPH,UOfFH 
,INITIALIZE 
uPTR 
TU 
KETBOARO 
52 
,AIlOI(EsS 
01113 
/9110 
53 
MOY 
"1,*0011 
,CI.R 
ZtRy 
COUNTEH 
0111:> /8UO 
F 
511 
MOY 
1(0,.L8II<'" 
'GET 
KEYbOARIl 
I(AM POINTEH 
01117 
·/lluB 
5~ 
MOV 
1(3,.08n 
,INITIALIZE 
1.0UP 
CUUNTER 
OU1'1 
~2110 
F 
51> 
CLH 
KETO 
,INITIALIZt 
PL~51 
STATU8 
81TS 
OUlll 
02110 
F 
51 
SEU 
sA ••E 
Oull.l bl>U2 
511 
MOllE; 
MOY 
02", ••RO 
,MUV 
LAST 
KETauAKD 
SCAN 
10 
02H 
Oulf' 
Ell 
59 
CLH 
A 
011211 93 
I>iI 
MOYC 
A, ••A+DPTH 
,SCAN 
KETBOAI(O 
OU21 
FII 
1>1 
CPI. 
• 
,INVERT 
01l2~ 
t>01l5 
I>e! 
JZ 
ZEI(O 
,IF 
SCAN 
~AS 
Z~RU 
~O 
I~CHEMENT 
ZERU 
COUNTEH 


011211 b5ui!c!G 
1>3 
CJNE 
A,U2H,NTliAME 
,COMPAIlE 
~ITH 
l.AST 
SCAN 
IF 
NOT 
THE 
SA~E 
1>11 
,THEN 
CLR 
SAME 
BIT 
AND 
~IlITE 
NE~ 
INFURMATIO~ 


1>5 
,TU 
HAM 
01121 
bOllS 
1>1> 
SJMP 
tOI.lA~ 
,IF 
EQUAL 
JMP 
uVER 
Il'lCH OF 
U.RU 
COuNIEN 
01129 
115111 
" 


tEHOI 
1NC 
OIH 
,INCI( 
ZERO 
CUUNTER 
011211 115U21D 
f>lI 
CJNE 
A.1I2H,NTllAME 
O\l2t 
118 
1>9 
~QUALI 
INC 
kO 
,STEP 
TO 
NtXT 
SCAN 
RAM 
LUCATION 
OUi!f 
u5113 
7U 
1NC 
UPI1 
,NEXT 
KETBOAI(O 
AIlOIlE:;S 
01131 
UAtA 
11 
UJNZ 
H3,I'URE 
,IF 
l.OOP 
COUNTER 
NUT 
0, 
SCAN 
A~A1N 
01133 
b'l1l81111 
1C 
CJNE 
••1,.08n,bACK 
,CHECI< 
TO 
SEE 
IF 
Al.L 8 
SCANS 
wHERE 
0 
01131> Ui!1I0 
F 
1.5 
SET8 
KETO 
,If 
YES 
SET 
KETO 
BIT 
00311 
Ci!1I0 
F 
711 
CLI( 
liAl'E 
OU3A 
UOU3 
7:> 
clACK; 
POP 
U3H 
0.u31. iJOUi! 
7l> 
POP 
U2n 
,PUP 
REliUTEI(S 
01l3t 
UOUI 
71 
POP 
II1H 
OUllO 
uOUO 
7b 
POP 
00" 
011112 uOll3 
79 
POI' 
LIP" 
OUlill uOll2 
811 
POP 
IfPL 
OIlGt> OOEO 
81 
POP 
ACC 
OUllll uouO 
IIi! 
POI' 
"'8~ 
OullA a 
8j 
HEI 
811 
OUllt; H 
8:> 
I'ITliAME; MOv 
••RII,A 
,IF 
liCAN 
~AS 
NuT 
THE 
SAME 
THtN 
PUT 
NEw 
e" 
,SCAN 
INtO 
II~TU 
HAM 
Olllll.~i!uO 
F 
8/ 
CLk 
~_ME 
,CL.R 
SAfoIt all 
OUllt 
bOuE 
8d 
SJMP 
EtUA~ 
,GU 
UD 
,",URt 
89 
'lll 
91 
tNU 


AI.C. 
BAC", 
D~H •• 
Ol'L. 
EwUAL. 
K~YIl 
UiTl\E 
Y 
• 
"UR~ 
•• 
N1SA~~ 
P~ ••••• 
REAuEk 
•• 
9"M~ 
•• 
U~D~CUD~O_K~YaOARU 
Z~RU 
• • • • • • • 


D 
AUCK 
C 
AuCh 
D Aue" 
a 
AUCh 
C 
A~CH 
e 
Aueh 
o 
AUDH 
C 
AUOH 
C 
AUD" 
e 
AuDH 
C 
AUDh 
e 
AuDh 
C 
S~G 
C 
AUOH 


OUEIIH 
Ou3AH 
008,SH 
OU8c!H 
onEH 


OUIUM 
OU4aH 
QuDUH 
OUOUH 


R 
R 


A 
R 
PUB 
EXT 


9~G;L~D~CuD~O_KEYaOARu 
8tG;L~DECODtO_KEYDOAR~ 


9~G;LND~CUOtO_KEYDOARU 


kt:.L;l;NI I 
9tG;~~DtCUDEO_KtYDOARU 
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.S~E~BLE" 
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~OUULE 
P~A,EU 
I~ 
l~l;OtCuOt.u~J 
A~St~bLtR 
I~VUKtD 
~YI 
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;Fl:uECOuE.S~C 


LuC 
UBJ 
L.~t 


I~ 
j~~ 
b 
I 
II 
'I 
10 
11 
I~ 
lJ 
1~ 
15 
Ib 
11 
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1'1 
20 
21 
U 
i!J 
i!4j 
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i!l> H 
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FuR 
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KEYtlOARU 
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._.a_. 
._. __. __•__." .. 
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PUbUC 
OtlACh 
EXIR~ 
UAIA 
(L81KtYJ 
EXIRh 
till 
(KBOI~lJ 
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Interfacing the 82786 to the 8051 presents some inter- 
esting challenges, but can be accomplished with a little 
additional logic and software. Since the 82786 looks 
like a DRAM controller to the host CPU, wait states 
are often required 
when accessing the coprocessor. 
Since wait states are not supported by the 8051, latch- 
ing transceivers and dummy read and write cycles are 
used to communicate with the 82786. Byte swapping is 
also required in the external logic to allow the 8 bit 
8051 to read and write the 16 bit graphics memory 
supported by the 82786. This byte swapping is accom- 
plished with the latching transceivers as well. All of the 
control logic is implemented in an Intel 5C060 EPLD, 
allowing the entire interface to fit into three 24 pin 
DIPs. 


Figure I shows the interface between the 8051 bus and 
the 82786. Figure 2 shows a typical 8051 CPU design 
needed to complete the circuit. In this design the 82786 
is mapped into an 8K byte window in 8051 data memo- 
ry space. The upper address bits are used as a "page 
select" and are provided by I/O pins on the 8051. The 
5C060 EPLD contains the control logic for the trans- 
ceivers and address decoding for the 82786. An equiva- 
lent circuit for the EPLD is shown in Figure 3; the 
".ADF" 
file is shown in Figure 4. The 82786 data 
memory 
is mapped 
into 
one 
8K block 
(AOOOH- 
BFFEH), the 82786 registers are mapped into another 
(8000H-807EH), 
and the transceivers are mapped into 
a third block of memory (COOOH-COOIH). 


Operation of the interface is as follows. For reading the 
graphics memory, the 8051 sets the upper address bits 
(PORT 1.0-1.3) and then performs a dummy read op- 
eration to the desired location in graphics memory 
(AOOOHthru BFFEH). 
The dummy read cycle pro- 


vides the address and RD/WR 
information 
to the 
82786, which runs a cycle and deposits the 16 bit result 
into the latching transceivers at the end of the read 
cycle, as indicated by SEN. This event clears the BUSY 
flip flop in the EPLD. When the BUSY signal goes 
inactive, the 8051 reads the low byte from the latching 
transceiver at address COOOHand the high byte free 
address COOIH. 


For write cycles, the 8051 writes the low byte of the 
word into the latch at address COOOHand the high byte 
into address COOIH.Next the upper address bits are set 
with PORTI and a dummy write cycle is performed in 
graphics 
memory 
at the desired address 
(AOOOH- 
BFFEH). Like in the read example, the 82786 runs a 
memory cycle at this point, enabling the outputs of the 
latching transceivers at the proper time in the write 
cycle, as indicated by SEN going active. 


Accessing the registers inside the 82786 is done in ex- 
actly the same fashion, except that the 82786 is ad- 
dressed in locations 8000H through 807EH. This caus- 
es the EPLD to drive the M/IO pin low during these 
cycles. 


74F543's are used for the latching transceivers in this 
design, although 74HCT646's could be used to reduce 
the total power consumption. 
Some changes to the 
EPLD would be required in this case. The interface 
assumes that all memory accesses to the 82786 are 
word references; accordingly, BHE is grounded at the 
82786. All addresses generated by the 8051 must be 
even byte addresses, the only byte operations allowed 
are the reads and writes to the latching transceivers. 
The design shown here incorporates hardware work- 
arounds for the earlier "C-step" 
82786; the current 
"D-step" part will work in the design as well. Addition- 
al information regarding the 82786 can be found in the 
"82786 Graphics Coprocessor User's Manual", 
Intel 
publication number 231933. 
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11, 
1987 
1-003 
o 
5C060 
8051/82786 
Control 
Logic 
for 
8051 
Demo 
Board 
786 
I/O 
8000H-807FH 
786 
Memory 
AOOOH-BFFFH 
Registers 
COOOH,COOIH 
OPTIONS: 
TURBO =ON 
PART: 
5C060 
INPUTS: 
A15@23,A14@14,A13@11,AO@2,RD/@10,WR/@9,SEN@8,CKK 
OUTPUTS: 
786CS/@15,786RD/16,OEH/@17,LEH/@18,OEL/@19,LEL/@20, 
LEW/@21,OEW/@22,READ@4,BUSY@3 
NETWORK: 
a15 = INP 
(A15) 
a14 = INP 
(A14) 
a13 = INP 
(A13) 
aO = INP 
(AO) 
rdn = INP 
(RD/l 
wrn = INP 
(WR/l 
sen = INP 
(SEN) 
elk = INP 
(CLK) 
a14n = NOT 
(a14) 
a13n = NOT 
(a13) 
aOn = NOT 
(aO) 
786esn = NAND 
(a15,a14n) 
786CS/ = CONF 
(786esn,VCC) 
786rdn = OR 
(786esn,rdn) 
786RD/ = CONF 
(786rdn,VCC) 
hibankn = NAND 
(a15,a14,a13n,aO) 
lobankn = NAND 
(a15,a14,a13n,aOn) 
oehn = OR 
(hibankn,rdn) 
OEH/ = CONF 
(oehn,VCC) 
lehn = OR 
(hibankn,wrn) 
LEH/ = CONF 
(lehn,VCC) 
oeln = OR 
(lobankn,rdn) 
OEL/ = CONF 
(oeln,VCC) 
leln = OR 
(lobankn,wrn) 
LEL/ = CONF 
(leln,VCC) 
oewn = NAND 
(sen,write) 
OEW/ = CONF 
(oewn,VCC) 
lew = AND 
(sen,read) 
qO = NORF 
(lew,elk,GND,GND) 
ql = NORF 
(qO,elk,GND,GND) 
q2 = NORF 
(ql,elk,GND,GND) 
q2n = NOT 
(q2) 
lewn = NAND 
(ql,q2n) 
LEW/ = CONF 
(lewn,VCC) 
786wr = NOR 
(786esn,wrn) 
786rd = NOT 
(786rdn) 
READ,read 
= SO SF 
(786rd,elk,786wr,GND,GND,VCC) 
write = NOT 
(read) 
786rdwr = OR 
(786rd,786wr) 
BUSY = SONF 
(786rdwr,elk,sen,GND,GND,VCC) 
END$ 
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This application note details the interface between an 
80C31 and a Densitron 
two row by 24 character 
LM23A2C24CBW display. This combination provides 
a very flexible display format (2x24) and a cost effec- 
tive, low power consumption microcontroller suitable 
for many industrial control and monitoring functions. 


Although 
this applications brief concentrates on the 
80C31, the same software and hardware techniques are 
equally valid on other members of the 8051 family, in- 
cluding the 8031, 8751, and the 8044. 


The LCD is mapped into external data memory, and 
looks to the 80C31 just like ordinary RAM. The regis- 
ter select (RS) and the read/write (RIW) pins are con- 
nected to the low order address lines AOand A1. Con- 
necting the R!W pin to an address line is a little unor- 
thodox, but since the R/W 
line has the same set-up 
time requirements as the RS line, treating the R!W pin 
as an address kept this pin from causing any timing 
problems. 


The enable (E) pin of the LCD is used to select the 
device, and is driven by the logical OR of the 80C31's 
RD and WR signals AND'ed with the MSB of the ad- 
dress bus. This maps the LCD into the upper half of the 
64 KB external data space. If this seems a little waste- 
ful, feel free to use a,more elaborate address decoding 
scheme. 


With the address decoding shown in the example, the 
LCD is mapped as follows: 


Address 
Function 
Read/Write? 


8000H 
Write Command 
to LCD 
Write Only 
8001H 
Write Data to LCD 
Write Only 
8002H 
Read Status from LCD 
Read Only 
8003H 
Read Data from LCD 
Read Only 
8004H 
to 
No Access 
FFFFH 


Undefined results may occur if the software attempts to 
read address 8000H or 8001H, or write to address 
8002H or 8003H. 


The timing requirements of the Densitron LCD are a 
little slow for a full speed 8OC31. The critical timing 
parameters 
are the enable pulse width (PW E) of 
450 ns, and the data delay time during read cycles 
(tDDR) 
of 320 ns. The 80C31 is available at clock 
speeds up to 16 MHz, but at this speed these parame- 
ters are violated. Since the 8OC31lacks a READY pin, 
the only way to satisfy the LCD timing requirements is 
to slow the clock down to 10 MHz or lower. A conve- 
nient crystal frequency is 7.3728 MHz since it allows all 2 
standard baud rates to be generated with the internal 
timers. 


The code consists of a main module and a set of utility 
procedures that talk directly to the LCD. This way the 
application code does not have to be concerned with 
where the LCD is mapped, or the exact bit patterns 
needed to control it. The mainline consists of a call to 
initialize the LCD, and then it writes a message to the 
screen, waits, and then erases it. It repeats this indefi- 
nitely. 


The utility procedures include functions to initialize the 
display, send data and address to the LCD, home the 
cursor, clear the display, set the cursor to a given row 
and column, turn the cursor on and off, and print a 
string of characters to the display. Not all the functions 
are used in the software example. 
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Delay: PROCEDURE 
(count) EXTERNAL; 
DECLARE 
count 
WORD; 
END Delay; 


Initialize_LCD: PROCEDURE EXTERNAL; 
END Initialize_LCD; 


Clear display: PROCEDURE EXTERNAL; 
END Clear_display; 


LCD_print: PROCEDURE EXTERNAL; 
END LCD_print; 


DECLARE LCD_buffer 
(48) 
BYTE 
PUBLIC, 
sign_on_message 
(*) 
BYTE 
CONSTANT 
('INTEL 8051 DRIVES LCD - 
'2 ROWS BY 24 CHARACTERS 
'), 
i 
BYTE; 
• 


/* Initialize the LCD */ 
CALL Initialize_LCD; 
CALL Clear_display; 


/* Now enter an endless loop to display the message 
*/ 
DO WHILE 1; 


/* Copy the message to the buffer 
*/ 
DO i = 0 to 47; 
LCD_buffer (i) = sign~on_message(i) ; 
END; 


/* Now print out the buffer to the LCD */ 
CALL LCD_print; 


/* wait a while 
*/ 
CALL Delay(2000) ; 


/* now clear the screen */ 
CALL Clear_display; 


inter 


DECLARE LCD_buffer 
(48) 
LCD_command 
LCD_data 
LCD_status 
LCD_busy 
i 


BYTE 
EXTERNAL, 
BYTE 
AT (08000H) AUXILIARY, 
BYTE 
AT (08001H) AUXILIARY, 
BYTE 
AT (08002H) AUXILIARY, 
LITERALLY'lOOO$OOOOB', 
BYTE; 


DECLARE msec 
WORD, 
i 
WORD; 


IF msec > 0 THEN DO; 
DO i = O.to msec - 1; 
CALL Time (5); 
/* 
.2 msec delay */ 
END; 


/* wait for LCD to indicate NOT busy */ 
DO WHILE 
(LCD_status AND LCD_busy) < > 0; 
END; 


/* now send the data to the LCD */ 
LCD_data = char; 


inter 


/* wait for LCD to indicate NOT busy */ 
DO WHILE 
(LCD_status AND LCD_busy) 
< > 
0; 
END; 


/* now send the command to the LCD */ 
LCD_command = char; 


IF position> 
47 THEN position = 47; 
IF position 
< 24 THEN CALL LCD_command_out(080H 
+ position) ; 
ELSE CALL LCD_command_out(OCOH 
+ (position - 24)); 
• 


/* This procedure 
copies the contents of the LCD_buffer 
to the display 
*/ 


CALL Set_cursor(O) 
; 
DO i = 0 to 23; 
CALL LCD_out(LCD_buffer(i)); 
END; 
CALL Set_cursor(24) ; 
DO i = 24 
to 
47; 
CALL LCD_out(LCD_buffer(i)); 
END; 


CALL Delay(lOO) ; 
CALL LCD_command_out(38H) ; 
CALL LCD_command_out(38H) ; 
CALL LCD_command_out(06H) ; 
CALL Clear_display; 
CALL Home_cursor; 
CALL Cursor_off; 
CALL Set_cursor(O) ; 
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Here are some easy to use 16- and 32-bit math routines 
that take the pain out of calculations such as PID 
loops, AID calibration, linearization calculations and 
anything else that requires 32-bit accuracy. 


The package is written to interface with PL/M-51. 
Pa- 
rameters are passed as 16-bit words to the routines, 
which perform operations on a 32-bit "accumulator" 
resident in memory. The following functions are per- 
formed: 


Load_16 (word_param) 
Loads a 16-bit -RD into the low half of the 32-bit "ac- 
cumulator", zeros upper 16 bits of accumulator. 


Load_32 (word_hi,word_lo) 


Loads word_hi into upper 16bits of accumulator, word 
lo_into Lower 16 bits. 


Low_16 


Returns the lower 16 bits of the accumulator, bits 0 
through 15. 


Mid_16 
Returns the middle 16 bits of the accumulator, bits 8 
through 23. 


High_16 


Returns the upper 16 bits of the accumulator, bits 16 
through 31. 


MuLl6 
(word_param) 
Multiplies the 32-bit accumulator by the 16-bit word 
supplied, result left in accumulator. 


Div_16 (word_param) 


Divides the 32-bit accumulator by the 16-bit word sup- 
plied, result left in accumulator. 


Add_16 (word_param) 
Adds the 16-bit word supplied to the 32-bit accumula- 
tor. 


Sub_16 (word_param) 
Similar to Add_16 but for subtraction. 


Add_32 (word_hi,word_lo) 
Forms a 32-bit value for word_hi and word_lo and 
adds it to the accumulator. 


Sub_32 (word_hi,word_lo) 
Similar to Add_32 but for subtraction. 


Typical applications have 16-bit "input" 
values and 
produce 16-bit "output" values, but require 32-bit val- 
ues for intermediate 
results. An example would be 2 


reading a 12-bit AID, performing some gain and offset 
calculation on the raw AID data to produce a calibrat- 
ed 16 bit result. Doing this is a simple task with this 
math package. 


In this example the accumulator was loaded with the 
raw AID value and then the offset was applied. The 
gain_factor was "pre-multiplied" by 256 (8 bits), giving 
it a granularity of 1/256. The result was extracted from 
the "middle" 16bits of the accumulator (bits 8 to 23) to 
account for the scaling factor of 256 introduced in the 
multiply step. 


The package requires about 384 bytes of ROM and 30 
bytes of RAM. Individual routines can be deleted to 
conserve RAM if they are not used. 


·PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


Load 16, ?Load 16?byte 
Load-32, 
?Load-32?byte 
Mu1T6, ?Mul 16?byte 
Div-16, 
?Div-16?byte 
Add-16, ?l\dcC16?byte 
Sub-16, 
?Sub-16?byte 
Add-32, ?Add-32?byte 
Sub-32, 
?Sub-32?byte 
Low:=16,Mid_T6, High_16 
; 
Math 32 Data 
Math:=32:=Code 
; 
RS.EXl 
Math 32 Data 
?Load 16?byte: 
-OS 2 
?LClil(C32?byte: 
OS 4 
?1t.11T6?byte: 
OS 2 
?Div-16?byte: 
OS 2 
?Add-16?byte: 
OS 2 
?Sub-16?byte: 
OS 2 
?Add-32?byte: 
OS 4 
?Sub-32?byte: 
OS 4 
OP0: 
OS1 
QP-l: 
OS1 
OP-2: 
OS1 
QP-3: 
OS1 


'IMP0 
OS 1 
1llP-l 
OS 1 
1llP-2 
OS 1 
1llP:=3 
OS 1 


Load 16: 
;Load 
~V 
~V 
~V 
~V 
REI' 


Load 32: 
;Load 


f"(N 
I'DV 
f"(N 
I'DV 
REI' 


the 
lower 16 bits 
of 
the OPregistcrs 
with 
t.'le value 
supplied 
OP 3,.0 
OP-2,.O 
OP-l,?Load 
16?byte 
OP=0,?Load=16?byte 
+ 1 


all 
the OP registers 
with 
OP 3,?Load 32?byte 
OP-2,?Load-32?byte 
+ 1 
OP-l, ?Load-32?byte 
+ 2 
OP=O,?Load=32?byte + 3 


Low 16: 
-;Return 
the 
lower 16 bits 
of 
the OP registers 
I'DV 
R6,OP 1 
MJV 
R7,OP-O 
REI' 
- 


Mid 16: 
-;Return 
the middle 
16 bits 
of 
the OP registers 


f"(N 
R6,OP 2 
I'DV 
R7,OP-l 
REI' 
- 


High 16: 
;Return 
the high 
16 bits 
of the OP registers 


f"(N 
R6,OP 3 
I'DV 
R7,OP-2 
REI' 
- 


Add 16: 
-;Add 
CLR 
I'DV 
AOOC 
I'DV 
I'DV 
ADOC 


f"(N 


MJV 
AOOC 
I'DV 
MJV 
/\DOC 
I'DV 
REI' 


A,OP ° 
A,?Add_16?byte 
+ 1 
OP O,A 
A,OP 1 
A,?Add_16?byte 
OP 1,A 
A,OP 2 
A,'O- 
OP 2,A 
A,OP 3 
A,fO- 
OP_3,A 


• 


Add 32: 
-;Add 
CLR 
M:)V 
ADDC 
~V 
M:)V 
ADOC 
1'01 
l'OV 


ADOC 
l'OV 
l'OV 
ADDC 
1'01 
RET 


the 
32 bits 
supplied 
by 
C 
A,OP ° 
A,?Add 32?byt= 
+ 3 
OP O,A- 
A,OP 1 
A,?Add 32?byte 
+ 2 
OP 1,A- 
A,OP 2 
A,?Add 32?byte 
+ 1 
OP 2,A- 
A,OP 3 
A,?Add 32?byte 
OP_3,A- 


Sub 16: 
-;Subtract 
the 
16 bits 
supplied 
by the caller 
fran 
the OP registers 
CLR 
M:)V 
SUBa 
l'OV 
M:)V 
SUBa 
1'01 
l'OV 
SUBB 
1'01 
M:>V 
SUBa 
1'01 
RET 


C 
A,OP 0 
A,?SUb 16?byte 
+ 1 
OP O,A- 
A,OP 1 
A,?SUb 16?byte 
OP 1,A- 
A,OP 2 
A,IO- 
OP 2,A 
A,OP 3 
A,tO- 
OP_3,A 


Sub 32: 
-;Subtract 
the 
32 bits 
supplied 
by the caller 
fran 
the OP registers 
CLR 
l'OV 
SUBa 
1'01 
M:>V 
SUBB 
l'OV 
M:)V 
SUBa 
M:>V 
M:)V 
SUBa 
1'01 
RET 


C 
A,OP 0 
A,?SUb 32?byte 
+ 3 
OP O,A- 
A,OP 1 
A,?SUb 32?byte 
+ 2 
OP 
1,A- 
A,OP 2 
A,?SUb 32?byte 
+ 1 
OP 2,A- 
A,OP 3 
A,?SUb 32?bft= 
OP_3,A- 


intJ 


Mul 16: 
-;Multiply 
tOe 32 bit 
OP with 
the 16 value 
supplied 
r'OV 
'IMP3,'0 
;clear 
out upper 
16 bits 
MJV 
'IMP-2,'0 
iGenerate 
the lowest 
byte of the result 
MJV 
B,OP 0 
r'OV 
A,?MUl 16?byte+l 
I'IJL 
AB 
- 
MJV 
'IMPO,A 
i lOol"'"Orderresult 
MJV 
'IMP-l,B 
ihigh order 
result 
iNow generate 
the next higher 
order 
byte 
MJV 
B,OP 1 
MJV 
A,?MU116?byte+l 
I'IJL 
AB 
- 
AOO 
A,'IMP1 
MJV 
'IMP1-;A 
MJV 
A,B- 
ADD: 
A,'IMP2 
MJV 
'IMP2";"A 
IN: 
Mul-loopl 
INC 
'IMP-3 
Mollloopl: 
- 
-MJV 
B,OP 0 
MJV 
A,?Miil 16?byte 
I'IJL 
AB 
- 
ADD 
A,'IMP1 
MJV 
'IMPl-;A 
MJV 
A,B- 
ADOC A,'IMP2 
MJV 
'IMP2-;A 
IN: 
Mul=loop2 
IOC 
'IMP3 
Mul loop2: 
- 
-i 
Nowstart 
IolOrkingon the 3rd byte 
MJV 
B,OP 2 
MJV 
A,?MUl 16?byte+ 1 
MUL 
AB 
- 
AOO 
A,'IMP2 
MJV 
'IMP2-;A 
MJV 
A,B- 
ADOC A,'IMP3 
MJV 
'IMP3-;A 
i Nowthe other 
half 
MJV 
B,OP 1 
MJV 
A,?Miil 16?byte 
I'IJL 
AB 
- 
ADD 
A,'IMP2 
MJV 
'IMP2";"A 
r'OV 
A,B- 
ADD: 
A,'IMP3 
MJV 
'IMP3-;A 
i Nowfinish 
off 
the 
MJV 
B,OP 3 
MJV 
A,?MU1_16?byte+l 


il~rder 
result 
save 
get high-order 
result 
include 
carry 
fran 
previous 
operation 
save 


i lOol"'"Orderresult 
save 
# 


get 
high-order 
result 
include 
carry 
fran previous 
operatioo 
save 


ilow-order 
result 
save 
get high-order 
result 
include 
carry 
fran 
previous 
operation 
save 


ilow-order 
result 
; save 
i get high-order 
result 
i 
include 
carry 
fran previous 
operation 
; 
save 
highest 
order 
byte 


• 


!'lJL 
AS 
ADO 
A,'IMP_3 
I'CN 
'IMP3.A 
; Forget 
atout 


I:'OV 
a,op 
2 


I:'OV 
A,?MUl l6?byte 
!'lJL 
AS 
- 
ADO 
A,'IMP3 
; low-order 
result 


I:'OV 
'IMP3;A 
; save 
; Nowwe are all 
clone, 
move the 'IMPvalues 
back into 
OP 
I'CN 
OP O,'IMP0 
I'CN 
OP-l,'IMP-l 
I'CN 
OP-2,'IMP-2 
I'CN 
OP-3,'IMP-3 
RE:l' 
- 
- 


;low-order 
result 
; save 
the high-order 
result, 
this 
is only 32 bit 
math! 


Div 16: 
-;This 
divides 
the 
32 bit 
OP register 
by the value 
supplied 
~V 
R7,tO 


I'DV 
R6,fO 
~ 
'IMPO,fO 
~V 
'IMP-i,fO 


l"I:N 
'IMP-2 ,f 0 
I'DV 
'IMP-3,tO 
~ 
Rl,?Div 
16?byte 
~V 
RO,?Div-16?byte+l 


l"I:N 
RS,t32 - 
;nus 
begins 
the 
loop 
Div loop: 


-CALL 
Shift 
D 
M::N 
A,R6 - 
RLC 
A 
~V 
R6,A 
I'OV 
A,R7 
RLC 
A 
I'OV 
R7,A 
;now test 
to see if 
R7:R6 >= Rl:RO 
JC 
can sub 
;carry 
out of R7shift 
means R7:R6 > Rl:RO 
cr.R 
C- 
I'OV 
A,R7 
SUBB 
A,Rl 
JC 
cant 
sub 
;at 
this 
poInt 
R7>Rl or R7=Rl 
JNZ 
can sub 
; jUl1'p if 
R7>Rl 
;if 
R7 • RI, test 
for R6>=RO 
cr.R 
C 
I'OV 
A,R6 
SUBB 
A,RO 
JC 
cant 
sub 
can sub: 
- 
-;subtract 
the divisor 
from the partial 
remainder 
cr.R 
C 
~V 
A,R6 
SUBB 
A,RO 
I'OV 
R6,A 
M:lV 
A,R7 
SUBB A,Rl 
I'OV 
R7,A 
SE're 
C 
JMP 
~t 
cant 
sub: 
;shift 
a ° into 
the quotient 
CLR 
C 
~t: 
;shift 
the carry 
~l: into 
the quotient 
CALL 
Shift 
Q 
; Test 
for 
cOmpetl~n 


DJNZ 
RS,Div loop 
; Nowwe are all 
done, 
I1"Ovethe 'IMPvalues 
back into 
OP 
I'OV 
OP O,'IMP0 
I'OV 
OP:=l,'IMP:=l 


;shift 
the dividend 
and return 
MSB in C 
;shift 
carry 
into 
I.SB of partial 
remainder 


; subtract 
Rl from R7 to see if 
Rl < R7 
; A = R7 - Rl, carry 
set 
if 
R7 < Rl 


inter 


OP 2,n1P 2 
OP:),n1P:) 


Shl.ftD: 
;shift the dividend one bit 
CLR 
C 
M:>V 
A,OP 0 
RU: 
A 
- 
I'OV 
OP O,A 
/'DI 
A,OP 1 
RU: 
A 
- 
M:>V 
OP 1,A 
I'CN 
A,OP 2 
RU: 
A 
- 
/'DI 
OP 
2,A 
/'DI 
A,OP 
3 
RU: 
A 
- 
/'DI 
OP_3,A 
RET 


Shift Q: 
;shift the quotent one bit 
/'DI 
A,n1P 0 
RU: 
A 
- 
I'OV 
n1P O,A 
I'CN 
A,'IMP 1 
RU: 
A 
- 
I'CN 
'lMP 1,A 
I'CN 
A,1MP 
2 
RU: 
A 
- 
/'DI 
n1P 2,A 
I'CN 
A,'IMP 3 
RU: 
A 
- 


M:>V 
n1P_3,A 
Rm' 
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Very often, complex systems involve two or more mi- 
crocontrollers to fulfill the requirements defined by a 
given objective. Since the nature of microcontrollers 
does not allow for easy dual-port memory design (no 
"READY" input; no "HOLD/HLDA" 
interface; port- 
oriented I/O etc.), design engineers are faced with the 
problem of interchanging information (data and status) 
between those microcontrollers. This application brief 
describes the design of a mailbox for exchanging infor- 
mation between two 8OC31s,using a SC060 EPLD as a 
"back-to-back" register, and a SC032 EPLD as an arbi- 
tration vehicle to control the actions of the CPUs. 


In this application, the 16 macrocells of the SC060 are 
grouped into two sets of 8 so called "ROlF" 
(register 
output with input feedback) primitives to implement 
the two 8 bit bus interfaces needed. The grouping is 
done according to the following picture. 


GROUPA 
(MICROCON- 
TROLLERA) 


The SC060 allows for independent clocking of 8 macro- 
cells on each side of the chip, the two clock inputs are 
used to clock data from the microcontroller bus into 
the chip. To read the data written into the mailbox by 
one of the controllers, the RDA- (controller A is read- 
ing) or RDB- (controller B is reading) line must be 
pulled low by activating the read command (IRD). In 
order to avoid spurious read-cycles, the IRD 
com- 
mands 
from 
both 
microcontrollers 
are 
logically 
"ORed" together with an actlve high CS-signal (Chip 
Select) inside the SC060. The CS-signal for both ports is 
derived from address line AIS. Therefore, whenever 
AIS becomes a logic "I" (true), the mailbox is activat- 
ed and ready to take or submit data. 


Address range for the mailbox: FOOO Hex 
to 
FFFF 
Hex 
(Upper 12 kbyte) 


WR8 


CSA 


I/OAO 


I/OAI 


I/OA2 


I/OA3 


I/OA~ 


I/OA5 


I/OA6 


I/OA7 


RDA 


GND 


VCC 


R08 


1/080 


1/081 


1/082 


1/083 


1/08~ 


1/085 


1/086 


1/087 


CS8 


WRA 


GROUP8 
(MICROCON- 
TROLLER8) 
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THE 5C032 "MAILBOX 
CONTROLLER" 


To keep the two microcontrollers informed about the 
status of their mailbox, the 5C032 is programmed to 
supply the following signals to both controllers: 


/OBFA: 
"OUTPUT BUFFER 
FULL" FOR MC A 


/OBFB: 
"OUTPUT BUFFER 
FULL" FOR MC B 


/IBEA: 
"INPUT BUFFER 
EMPTY" 
FOR MC A 


/IBEB: 
"INPUT BUFFER EMPTY" 
FOR MC B 


/INTA: 
INTERRUPT 
TO MC A 


/INTB: 
INTERRUPT 
TO MC B 


The next section will discuss the meanings of these sig- 
nals in more detail. 


Output Buffer Full: This flag is set whenever the con- 
troller writes into its own output 
buffer. The flag remains valid, until 
the second controller has read the 
data. The flag is automatically re- 
set to its inactive state when this 
read cycle is accomplished. 


NOTE: 
Both controllers can access (read or write) the mail- 
box simultaneously.- 


Input Buffer Empty: This flag indicates that there is no 
message in the mailbox. The flag 
will become inactive as soon as 
one microcontroller places a mes- 
sage for the other one (or vice ver- 
sa). 


Example: 
/IBEA 
remains 
"LOW" 
until microcontroller 
B 
places a message for controller A 
into the mailbox for A. IIBEA 
will go "HIGH" 
as soon as con- 
troller 
B has 
accomplished 
its 


write 
cycle, 
and 
will 
not 
go 
"LOW" again until microcontrol- 
ler A has read the message. 


Interrupt: The 5C032 is programmed to supply inter- 
rupts to both microcontrollers involved, on 
one of the following events. 
I. The /OBF flag of the opposite microcon- 
troller becomes active; e.g. if controller A is 
placing a message for controller B, controller 
B receives an interrupt 
the same time as 
/OBFA becomes valid or vice versa. 
2. The /IBE flag of the opposite microcon- 
troller goes active, indicating that this con· 
troller has received the message; e.g. if con- 
troller B reads the message stored by con- 
troller A, its /IBEB flag goes active and con- 
troller receives an interrupt indicating that 
the buffer is empty. 


The signals described above are necessary to accom- 
plish a secure handshake without overwriting messages 
accidentally. In addition to that, the 5C032 is issuing 
the actual write commands for the two register sets in- 
side the 5C060. The IWRA and IWRB signals are re- 
sults of logical "AND" functions between the appropri- 
ate es- and IWR signals from the microcontrollers. 
Therefore, spurious write cycles are unlikely to happen. 
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PART: 
SC060 
INPUTS: 
WB@l, 
CSA@2, 
CSB@14, 
nRDA@ll, 
nRDB@23, 
WA@13 
OUTPUTS: 
IOB7@lS, 
IOA7@10, 
IOB6@16, 
IOA6@9, 
IOBS@17, 
IOAS@8, 
IOB4@18, 
IOA4@7, 
IOB3@19, 
IOA3@6, 
IOB2@20, 
IOA2@S, 
IOB1@21, 
IOA1@4, 
IOBO@22, 
IOAO@3 


NETWORK: 
IOB7,DB7 
ROIF(DA7,WAC,GND,GND,RDBC) 
IOB6,DB6 
ROIF(DA6,WAC,GND,GND,RDBC) 
IOBS,DBS 
ROlF (DAS,WAC,GND,GND,RDBC) 
IOB4,DB4 
ROlF (DA4,WAC,GND,GND,RDBC) 
IOB3,DB3 
ROlF (DA3,WAC,GND,GND,RDBC) 
IOB2,DB2 
ROlF (DA2,WAC,GND,GND,RDBC) 
IOB1,DB1 
ROlF (DA1,WAC,GND,GND,RDBC) 
IOBO,DBO 
ROlF (DAO,WAC,GND,GND,RDBC) 
IOA7,DA7 
ROlF (DB7,WBC,GND,GND,RDAC) 
IOA6,DA6 
ROlF (DB6,WBC,GND,GND,RDAC) 
IOAS,DAS 
ROlF (DBS,WBC,GND,GND,RDAC) 
IOA4,DA4 
ROIF(DB4,WBC,GND,GND,RDAC) 
IOA3,DA3 
ROlF (DB3,WBC,GND,GND,RDAC) 
IOA2,DA2 
ROlF (DB2,WBC,GND,GND,RDAC) 
IOA1,DA1 
ROlF (DB1,WBC,GND,GND,RDAC) 
IOAO,DAO 
ROlF (DBO,WBC,GND,GND,RDAC) 
WAC 
INP(WA) 
WBC 
= INP(WB) 
CSB = INP(CSB) 
CSA 
= INP(CSA) 
nRDB 
INP (nRDB) 
nRDA 
= INP (nRDA) 


EQUATIONS: 


RDBC 
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PART: 
SC032 
INPUTS: 
RST, 
nWRA, 
nRDB, 
CSA, nRDA, 
nWRB, 
CSB 
OUTPUTS: 
WA, 
nOBFA, 
nIBEB, 
nINTA, 
nINTB, 
nOBFB, 
nIBEA, 
WB 


NETWORK: 
nWRA 
= INP(nWRA) 
nRDA 
= INP(nRDA) 
CSA 
= INP(CSA) 
nWRB = INP(nWRB) 
nRDB = INP(nRDB) 
CSB 
= INP(CSB) 
RST 
= INP(RST) 
WA 
= CONF(WAd,YCC) 
WB 
= CONF(WBd,YCC) 
nOBFA,nOBFA 
COIF (nOBFAd,YCC) 
nOBFB,nOBFB 
= COIF (nOBFBd,YCC) 
nIBEA,nIBEA 
= COIF(nIBEAd,YCC) 
nIBEB,nIBEB 
= COIF(nIBEBd,YCC) 
nINTA 
CONF(nINTAd,YCC) 
nINTB 
= CONF(nINTBd,YCC) 


nINTBd 
nOBFB 
* nIBEB; 
nINTAd 
nOBFA 
* nIBEA; 
nOBFBd 
!(!(!nRDA * CSA) 
* nIBEA 
* 
!RST); 
nOBFAd 
! (!(!nRDB * CSB) 
* nIBEB 
* 
!RST); 
nIBEBd 
! (!(CSA * 
!nWRA) * nOBFA); 
nIBEAd 
! (!(CSB * 
!nWRB) * nOBFB); 
WAd 
CSA * 
!nWRA; 
WBd = CSB * 
!nWRB; 
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The original CMOS logic families were the 4OOO-series 
and the 74C-series circuits. The 74C-series circuits are 
functional equivalents to the corresponding numbered 
74-series TTL circuits, but have CMOS logic levels and 
retain the other well known characteristics of CMOS 
logic. 


These characteristics are: low power consumption, high 
noise immunity, and slow speed. The low power con- 
sumption is inherent to the nature of the CMOS circuit. 
The noise immunity is due partly to the CMOS logic 
levels, and partly to the slowness of the circuits. The 
slow speed is due to the technology used to construct 
the transistors in the circuit. 


The technology used is called metal-gate CMOS, be- 
cause the transistor gates are formed by metal deposi- 
tion. More importantly, the gates are formed after the 
drain and source regions have been defined, and must 
overlap the source and drain somewhat to allow for 
alignment tolerances. This overlap plus the relatively 
large size of the transistors themselves result in high 
electrode capacitance, and that is what limits the speed 
of the circuit. 


High speed CMOS became feasible with the develop- 
ment of the self-aligning silicon gate technology. In this 
process 
polysilicon 
gates are 
deposited 
before 
the 
source and drain regions are defined. Then the source 
and drain regions are formed by ion implantation using 
the gate itself as a mask for the implantation. This elim- 
inates most of the overlap capacitance. In addition, the 
process allows smaller transistors. The result is a signif- 
icant increase in circuit speed. The 74HC-series of 
CMOS logic circuits is based on this technology, and 
has speeds comparable to LS TTL, which is to say 
about 10 times faster than the 74C-series circuits. 


The size reduction that contributes to the higher speed 
also demands an accompanying reduction in the maxi- 
mum supply voltage. High-speed CMOS is generally 
limited to 6V. 


CHMOS is the name given to Intel's high-speed CMOS 
processes. There are two CHMOS processes, one based 
on an n-well structure and one based on a p-well struc- 
ture. In the n-well structure, n-type wells are diffused 
into a p-type substrate. Then the n-channel transistors 
(nFETs) are built into the substrate and pFETs are 
built into the n-wells. In the p-well structure, p-type 
wells are diffused into an n-type substrate. Then the 
nFETs are built into the wells and pFETs, into the 


substrate. Both processes have their advantages and 
disadvantages, 
which are largely transparent 
to the 
user. 


Lower operating voltages are easier to obtain with the 
p-well structure than with the n-well structure. But the 
p-well structure does not easily adapt to an EPROM 
which would be pin-for-pin compatible with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded HMOS process, in 
which nFETs are built into a p-type substrate. This 
allows somewhat more than half of the transistors in a 
CHMOS chip to be constructed by processes that are 
already well characterized. 


Currently Intel's CHMOS microcontrollers and memo- 
ry products are n-well devices, whereas CHMOS mi- 
croprocessors are p-well devices. 


Further discussion of the CHMOS technology is pro- 
vided in References I and 2 (which are reprinted in the 
Microcontroller Handbook). 


The 8OC51BHis the CHMOS version ofIntel's original 
8051. The 8OC31BHis the ROMless 8OC5IBH, equiva- 
lent to the 8031. These CHMOS devices are architec- 
turally identical with their HMOS counterparts, except 
that they have two added features for reduced power. 
These are the Idle and Power Down modes of opera- 
tion. 


In most cases, an 8OC51BH can directly replace the 
8051 in existing applications. It can execute the same 
code at the same speed, accept signals from the same 
sources, 
and 
drive the 
same loads. 
However, 
the 
8OC51BH covers a wider range of speeds, will emit 
CMOS logic levels to CMOS loads, and will draw about 
1110 the current of an 8051 (and less yet in the reduced 
power modes). Interchangeability between the HMOS 
and CHMOS devices is discussed in more detail in the 
fmal section of this Application Note. 


It should be noted that the 8OC51BHCPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the note-to-ground capacitance to 
form a temporary storage cell. Dynamic nodes are used 
to reduce the transistor count, and hence the chip area, 
thus to produce a more economical device. 


This is not to say that the on-chip RAM in CHMOS 
microcontrollers is dynamic. It's not. It's the CPU that 
is dynamic, and that is what imposes the minimum 
clock frequency specification. 
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Latchup is an SCR-type turn-on phenomenon that is 
the traditional 
nemesis of CMOS systems. The sub- 


strate, the wells, and the transistors form parasitic pnpn 
structures within the device. These parasitic structures 
turn on like an SCR if a sufficient amount of forward 
current is driven through one of the junctions. From 
the circuit designer's point of view it can happen when- 
ever an input or output pin is externally driven a diode 
drop above Vcc or below Vss, by a source that is capa- 
ble of supplying the required trigger current. 


However much of a problem latchup has been in the 
past, it is good to know that in most recently developed 
CMOS devices, and specifically in CHMOS devices, the 
current required to trigger latchup is typically well over 
100 mA. The 8OC51BHis virtually immune to latchup. 
(References 1 and 2 present a discussion of the latchup 
mechanisms and the steps that are taken on the chip to 
guard against it.) Modern CMOS is not absolutely im- 
mune to latchup, but with trigger currents in the hun- 
dreds of mA, latchup is certainly a lot easier to avoid 
than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, but it's unlikely to be a 
major problem in high-speed CMOS or in CHMOS. 
There is still some risk incurred in inserting or remov- 
ing chips or boards in a CMOS system while the power 
is on. Also, severe transients, such as inductive kicks or 
momentary short-circuits, can exceed the trigger cur- 
rent for latchup. 


For applications in which some latchup risk seems un- 
avoidable, you can put a small resistor (lOOn or so) in 
series with signal lines to ensure that the trigger current 
will never be reached. This also helps to control over- 
shoot and RFI. 


LOGIC 
LEVELS 
AND INTERFACING 
PROBLEMS 


First, for equal supply voltages, CMOS gives (and re- 
quires) a higher "logic I" level than TIL. 
Secondly, 


CMOS logic levels are Vcc 
(or VDD) 
dependent, 


whereas guaranteed TIL 
logic levels are fixed when 
Vcc is within TIL specs. 


VIHMIN = 70% of Vcc 
VllMAX = 20% of Vcc 
VOHMIN = Vcc - 
O.lV, IIOHI ~ 20 ",A 
VOlMAX = 0.1V, Ilod ~ 20 ",A 


Figure 1 compares 74HC, LS TIL, 
and 74HCT logic 
levels with those of the HMOS 8051 and the CHMOS 
8OC51BH for Vcc = 5V. 


Output logic levels depend of course on load current, 
and are normally specified at several load currents. 
When CMOS and TIL are powered by the same Vcc, 
the logic levels guaranteed on the data sheets indicate 
that 
CMOS can drive TIL, 
but TIL 
can't 
drive 
CMOS. The incompatibility is that the TIL 
circuit's 


VOH level is too low to reliably be recognized by the 
CMOS circuit as a valid VIH. 


Since HMOS circuits were designed to be TIL-compat- 
ible, they have the same incompatibility. 


Fortunately, 74HCT-series circuits are available to ease 
these interfacing problems. They have TIL-compatible 
logic levels at the inputs and standard CMOS levels at 
the outputs. 


The 8OC5IBH is designed to work with either TIL or 
CMOS. Therefore its logic levels are specified very 
much like 74HCT circuits. That is, its input logic levels 
are TIL-compatible, 
and its output characteristics are 
like standard high-speed CMOS. 


One of the major reasons for going to CMOS has tradi- 
tionally been that CMOS is less susceptible to noise. As 
previously noted, 
its low susceptibility 
to noise is 


Logic State 
Vcc = 5V 


74HC 
74HCT 
LSTTL 
8051 
80C51BH 


VIH 
3.5V 
2.0V 
2.0V 
2.0V 
1.9V 


VIL 
1.0V 
O.8V 
O.8V 
O.8V 
O.9V 


VOH 
4.9V 
4.9V 
2.7V 
2.4V 
4.5V 


VOL 
O.1V 
O.1V 
O.5V 
O.45V 
O.45V 


Figure 1. Logic Level Comparison. 
(Output 
voltage 
levels depend 
on load current. 
Data sheets 
list guaranteed 
output levels for several load currents. 
The output 
levels listed here are for minimum 
loading.) 
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partly due to superior noise margins, and partly due to 
its slow speed. 


Noise margin is the difference between VOL and VIL, 
or between VOH and VIH' If VOH from a driving cir- 
cuit is 2.7V and VIH to the driven circuit is 2.0V, then 
the driven circuit has 0.7V of noise margin at the logic 
high level. These kinds of comparisons show that an 
all-CMOS system has wider noise margins than an all- 
TTL system. 


Figure 2 shows noise margins in CMOS and LS TTL 
systems when both have Vee = 5V. It can be seen that 
CMOS/CMOS 
and CMOS/CHMOS 
systems have an 
edge over LS TTL in this respect. 


Noise margins can be misleading, however, because 
they don't say how much noise energy it takes to induce 
in the circuit a noise voltage of sufficient amplitude to 
cause a logic error. This would involve consideration of 
the width of the noise pulse as compared with the cir- 
cuit's response speed, and the impedance to ground 
from the point of noise introduction in the circuit. 


When these considerations are included, it is seen that 
using the slower 74C- and 4OOO-seriescircuits with a 12 
or 15V supply voltage does offer a truly improved level 
of noise immunity, but that high-speed CMOS at 5V is 
not significantly better than TTL. 


One should not mistake the wider supply voltage toler- 
ance of high-speed CMOS for Vee glitch immunity. 
Supply voltage tolerance is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especially for VLSI 
CMOS, Vee 
decoupling is critical. CHMOS draws 


Noise Margin for 


Interface 
Vcc = 5V 


Logic Low 
Logic High 


VIL -VOL 
VOH-VIH 


74HCto 
74HC 
0.9V 
1.4V 


LSTTL to LSTTL 
0.3V 
0.7V 


LSTTL to 74HCT 
0.3V 
0.7V 


LSTTL to 80C51 BH 
0.3V 
0.7V 


74HCto80C51BH 
O.8V 
3.0V 


80C51BH 
to 74HC 
O.8V 
1.0V 


Figure 2. Noise Margins for CMOS 
and LS TTL Circuits 


current in extremely sharp spikes at the clock edges. 
The VHF and UHF components of these spikes are not 
drawn from the power supply, but from the decoupling 
capacitor. If the decoupling circuit is not sufficiently 
low in inductance, Vee will glitch at each clock edge. 
We suggest that a 0.1 ""F decoupler cap be used in a 
minimum-inductance configuration with the microcon- 
troller. A minimum-inductance 
configuration 
is one 
that minimizes the area of the loop formed by the chip 
(Vee to VSS),the traces to the decoupler cap, and the 
decoupler cap. PCB designers too often fail to under- 
stand that if the traces that connect the decoupler cap 
to the Vee and Vss pins aren't short and direct, the 
decoupler loses much of its effectiveness. 


Overshoot and ringing in signal lines are potential 
sources of logic upsets. These can largely be controlled 
by circuit layout. Inserting small resistors (about 1000) 
in series with signal lines that seem to need them will 
also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems is 
largely a function of the PCB layout. We don't mean to 
imply that all RFI problems can be solved by a better 
PCB layout. It may well be, for example, that in some 
RFI-sensitive designs high-speed CMOS is simply not 
the answer. But circuit layout is a critical factor in the 
noise performance of any electronic system, and more 
so in high-speed CMOS systems than others. 


Circuit layout techniques for minimizing noise suscepti- 
bility and generation are discussed in References 3 
through 6. 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition region be- 
tween 0 and I, where the pullup and pulldown devices 
in the input buffer are both conductive. This causes a 
significant increase in Ice. 
A similar effect exists in 
HMOS circuits, but with less noticeable results. 


In 8OC51BH-and 8OC31BH designs, unused pins of 
Ports I, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic I 
level. Port 0 pins are different, however, in not having 
internal pullups (except during bus operations). 


When the 8OC5IBH is in reset, the Port 0 pins are in a 
float state unless they are externally pulled up or down. 
If it's going to be held in reset for just a short time, the 
transient float state can probably be ignored. When it 
comes 
out 
of 
reset, 
the 
pins 
stay 
afloat 
unless 


intJ 


they are externally pulled either up or down. Alterna- 
tively, the software can internally write Osto whatever 
Port 0 pins may be unused. 


The 
same 
considerations 
are 
applicable 
to 
the 


8OC31BH with 
regards 
to 
reset. 
But 
when 
the 


8OC31BH comes out of reset, it commences bus opera- 
tions, during which the logic levels at the pins are al- 
ways well defined as high or low. 


Consider the 80C3IBH in the Power Down or Idle 
modes, however. In those modes it is not fetching in- 
structions, and the Port 0 pins will float if not external- 
ly pulled high or low. The choice of whether to pull 
them high or low is the designer's. Normally it is suffi- 
cient to pull them up to Vcc with 10k resistors. But if 
power is going to be removed from circuits that are 
connected to the bus, it will be advisable to pull the bus 
pins down (normally with 10k resistors). Considera- 
tions involved in selecting pullup and pulldown resistor 
values are as follows. 


R 
.;,.JQh. 
--.!!h- 


PO.xt---_---EfJ:JltL 


Flgure3a. Conditions defining the minimum 
value for R. PO.XIs emitting a logic low. R must 
be large enough to not cause IOL to exceed 
data sheet specifications. 


R 
.-M- 
~ 


PO.X 1----4~---E~1JlWtL 


VOH = VCC -(ILl 
+ IIH) X R 


270068-2 


Figure 3b. Conditions defining the maximum 
value for R. PO.Xis in a high Impedance 
state. R must be small enough to keep 
VOHacceptably high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum value is determined by IOL requirements. If 
the pin is trying to emit a 0, then it will have to sink the 
current from the pullup resistor plus whatever other 
current may be sourced by other loads connected to the 
pin, as shown in Figure 3a, while maintaining a valid 
output low (VOL)' To guarantee that the pin voltage 
will not exceed 0.45V, the resistor should be selected so 
that IOL doesn't exceed the value specified on the data 
sheet. In most CMOS applications, the minimum value 
would be about 2k 0.. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOR level to 2 
be. The smaller the resistor the faster it pulls up. Its 
effect on the VOR level is that VOR = Vcc - (ILl + 
IIH) X R. ILl is the input leakage current to the Port 0 
pin, and IIH is the input high current to the external 
loads, as shown in Figure 3b. Normally VOR can be 
expected to reach 0.9 Vcc if the pullup resistance does 
not exceed about 50k 0.. 


If a pulldown resistor is to be used on a Port 0 pin, its 
minimum value is determined by VOR requirements 
during bus operations, and its maximum value is in 
most cases determined by leakage current. 


During bus operations the port uses internal pullups to 
emit Is. The D.C. Characteristics in the data sheet list 
guaranteed VOR levels for given lOR currents. (The "-" 
sign in the lOR value means the pin is sourcing that 
current to the external load, as shown in Figure 4.) To 
ensure the VOR level listed in the data sheet, the resis- 


8OC51BH 
JQ!:!-.. 
~ 
PO.Xt---~_--- 
E~1J:~tL 


IOH = VOH + IIH 
R 


Figure 4a. Conditions defining the minimum 
value for R. PO.X Is emitting a 1 In a bus 
operation. R must be large enough to not cause 


IOH to exceed data sheet specifications. 


tor has to satisfy where 1m is the input high current to 
the external loads. 


When the pin goes into a high impedance state, the 
pulldown resistor will have to sink leakage current 
from the pin, plus whatever other current 
may be 
sourced by other loads connected to the pin, as shown 
in Figure 4b. The Port 0 leakage current is ILl on the 
data sheet. The resistor should be selected so that the 
voltage developed across it by these currents will be 
seen as a logic low by whatever circuits are connected 
to it (including the 8OC5IBH). In CMOS/CHMOS 
ap- 
plications, 50k n is normally a reasonable maximum 
value. 


Figure 4b. Conditions 
defining 
the maximum 
value for R. PO.X Is In a high Impedance 
state. 
R must be small enough 
to keep VOL 
acceptably 
low. 
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There's an important difference between HMOS and 
CHMOS port drivers. The pins of Ports I, 2, and 3 of 
the CHMOS parts each have three pullups: strong, nor- 
mal, and weak, as shown in Figure 5. The strong pullup 
(pI) is only used during O-to-I transitions, to hasten the 
transition. The weak pullup (P2) is on whenever the bit 
latch contains a I. The "normal" 
pullup (P3) is con- 
trolled by the pin voltage itself. 


The reason that p3 is controlled by the pin voltage is 
that if the pin is being used as an input, and the external 
source pulls it to a low, then turning offp3 makes for a 
lower IlL. The data sheet shows an "ITL" specification. 
This is the current that p3 will source during the time 
the pin voltage is making its 'I-to-O transition. This is 
what IlL would be if an input low at the pin didn't turn 
p3 off. 


Note, however, that this p3 turn-off mechanism puts a 
restriction on the drive capacity of the pin if it's being 
used as an output. If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VmMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, you need to ensure that the load doesn't 
draw more than the 10H spec for a valid VOH. The idea 
is to make sure the pin voltage never falls below its own 
VmMIN specification. 


Q 
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The main reason for going to CMOS, of course, is to 
conserve power. (fhere are other reasons, but this is the 
main one.) Conserving power doesn't mean just reduc- 
ing your electric bill. Nor does it necessarily relate to 
battery operation, although battery operation without 
CMOS is pretty unhandy. The main reason for conserv- 
ing power is to be able to put more functionality into a 
smaller space. The reduced power consumption allows 
the use of smaller and lighter power supplies, and less 
heat being generated allows denser packaging of circuit 
components. Expensive fans and blowers can usually be 
eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout failures relate to die temperature. 
And finally, the lower power dissipation will allow 
more functions to be integrated onto the chip. 


The reason CMOS consumes less power than NMOS is 
that when it's in a stable state there is no path of con- 
duction from Vcc to Vss except through various leak- 
age paths. CMOS does draw current when it's changing 
states. How much current it draws depends on how 
often and how quickly it changes states. 


CMOS circuits draw current in sharp spikes during log- 
ical transitions. These current spikes are made up of 
two components. One is the current that flows during 
the transition time when pullup and pulldown FETs are 
both active. The average (DC) value of this component 
is larger when the transition times of the input signals 
are longer. For this reason, if the current draw is a 
critical factor in the design, slow rise and fall times 
should be avoided, even when the system speed doesn't 
seem to justify a need for nanosecond switching speeds. 


The other component is the current that charges stray 
and load capacitance at the nodes of a CMOS logic 
gate. The average value of this current spike is its area 
(integral over time) multiplied by its rep rate. Its area is 
the amount of charge it takes to raise the node capaci- 
tance, C, to Vcc· That amount of charge is just C x 2 
Vcc. So the average value of the current spike is C x 
Vcc x f, where fis the clock frequency. 


This component of current increases linearly with clock 
frequency. For minimal current draw, the 8OC52BH-2 
is spec'd to run at frequencies as low as 500 kHz. 


Keep in mind, though, that other component of current 
that ,isdue to slow rise and fall times. A sinusoid is not 
the optimal waveform to drive the XTALI 
pin with. 


Yet 
crystal 
oscillators, 
including 
the 
one 
on the 
80C5lBH, generate sinusoidal waveforms. Therefore, if 
the on-chip oscillator is being used, you can expect the 
device to draw more current at 500 kHz, than it does at 
1.5 MHz, as shown in Figure 6. If you derive a good 
sharp square wave from an external oscillator, and use 
that to drive XTALl, 
then the microcontroller 
will 
draw less current. But the external oscillator will prob- 
ably make up the difference. 


The 80C5lBH has two power-saving features not avail- 
able in the HMOS devices. These are the Idle and Pow- 
er Down modes of operation. The on-chip hardware 
that implements these reduced power modes is shown 
in Figure 7. Both modes are invoked by software. 


INTERRUPT 
SERIAL PORT 
nMER/COUNTERS 


Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU 
puts itself to sleep by gating off its own clock. It doesn't 
stop the oscillator. It just stops the internal clock signal 
from getting to the CPU. Since the CPU draws 80 to 90 
percent of the chip's power, shutting it off represents a 
fairly significant power savings. The on-chip periperals 
(timers, serial port, interrupts, etc.) and RAM continue 
to function as normal. The CPU status is preserved in 
its entirety: the Stack Pointer, Program Counter, Pro- 
gram Status Word, Accumulator, and all other regis- 
ters maintain their data during Idle. 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
PCON register. PCON is not bit-addressable, so the bit 
has to be set by a byte operation, such as 


The PCON register also contains flag bits GFO and 
GFI, which can be used for any general purposes, or to 
give an indication if an interrupt occurred during nor- 
mal operation or during Idle. In this application, the 
instruction that invokes Idle also sets one or both of the 
flag bits. Their status can then be checked in the inter- 
rupt routines. 


While the device is in the Idle Mode, ALE and PSEN 
emit logic high (VOW, as shown in Figure 8. This is so 
external EPROM can be deselected and have its output 
disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. If the device was executing 
out of external program memory, Port 0 is left in a high 
impedance state and Port 2 continues to emit the high 
byte of the program counter (using the strong pullups 
to emit Is). If the device was executing out of internal 
program memory, Ports 0 and 2 continue to emit what- 
ever is in the PO and P2 registers. 


There are two ways to terminate Idle. Activation of any 
enabled interrupt will cause the hardware to clear bit 0 
of the PCON register, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that invoked Idle. 


The other way is with a hardware reset. Since the clock 
oscillator is still running, RST only needs to be held 
active for two machine cycles (24 oscillator periods) to 
complete the reset. Note that this exit from Idle writes 
Is to all the ports, initializes all SFRs to their reset 
values, and restarts program execution from location O. 


Power Down: In the Power Down Mode (PD = 0 in 
Figure 7), the CPU puts the whole chip to sleep by 
turning off the oscillator. In case it was running from 
an external oscillator, it also gates off the path to the 
internal phase generators, so no internal clock is gener- 
ated even if the external oscillator is still running. The 
on-chip RAM, however, saves its data, as long as Vee 
is maintained. In this mode the only Ice that flows is 
leakage, which is normally in the micro-amp range. 


The Power Down Mode is invoked by setting bit I in 
the PCON register, using a byte instruction such as 


While the device is in Power Down, ALE and PSEN 
emit lows (VOL), as shown in Figure 8. The reason they 
are designed to emit lows is so that power can be re- 
moved from the rest of the circuit, if desired, while the 
80CS51BH is in its Power Down mode. 


The port pins continue to emit whatever data was writ- 
ten to them. Note that Port 2 emits its P2 register data 
even if execution was from external program memory. 


Pin 
Internal 
Execution 
External 
Execution 


Idle 
Power Down 
Idle 
Power Down 


ALE 
1 
0 
1 
0 


PSENI 
1 
0 
1 
0 


PO 
SFR Data 
SFR Data 
High-Z 
High-Z 


P1 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


P2 
SFR Data 
SFR Data 
PCH 
SFR Data 


P3 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


Figure 8. Status 
of Pins In Idle and Power Down Modes. "SFR data" 
means 
the port pins emit their 
Internal register 
data. "PCH" is the high byte of the Program 
Counter. 


inter 


VCCI 
Cl 


I," 


8OC31BH 
~ 


RST 
R 
P2.7 


P2.6 
R 
33K 
VCC2 


Ql i 


S1 
2N3904 


Port 0 also emits its PO register data, but if execution 
was from external program memory, the PO register 
data is FF. The oscillator is stopped, and the part re- 
mains in this state as long as Vcc is held, and until it 
receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator was stopped, RST must be held ac- 
tive long enough for the oscillator to re-start and stabi- 
lize. Then the reset function initializes all the Special 
Fu~ction Registers (ports, timers, etc.) to their reset 
values, and re-starts 
the program 
from location O. 


Therefore, timer reloads, interrupt enables, baud rates, 
port status, etc. need to be re-established. Reset does 
not affect the content of the on-chip data RAM. If Vcc 
was held during Power Down, the RAM data is still 
good. 


The software-invoked 
Power Down feature offers a 
means of reducing the power consumption to a mere 
trickle in systems which are to remain dormant 
for 
some period of time, while retaining important data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock is 
stopped, and write those values to the port latches be- 
fore invoking Power Down. 


If Vcc is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would 
deselect 
peripherals 
before 
invoking 
Power 
Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate an active chip select to any memory de- 
vice. 


In some applications, Vcc to part of the system may be 
shut off during Power Down, so that even quiescent 
and standby currents are eliminated. Signal lines that 
connect to those chips must be brought to a logic low, 
whether the chip in question is CMOS, NMOS, or 
TTL, before Vcc is shut off to them. CMOS pins have 
parasitic pn junctions to Vco which will be forward 
biased if Vcc is reduced to zero while the pin is held at 
a logic high. NMOS pins often have FETs that look 
like diodes to Vcc. TTL circuits may actually be da,m- 
aged by an input high if Vcc = O. That's why the 
80CSIBH outputs lows at ALE and PSEN during Pow- 
er Down. 


Figure 9 shows a circuit that can be used to turn Vcc 
off to part of the system during Power Down. The cir- 
cuit will ensure that the secondary circuit is not de-en- 
ergized until after the 80C3lBH is in Power Down, and 
that the 80C3lBH does not receive a reset (terminating 
the Power Down mode) before the secondary circuit is 
re-energized. Therefore, the program memory itself can 
be part of the secondary circuit. 


Figure 9. The 80C31BH 
de-energizes 
part of the circuit (VCC2) when it goes into Power Down. 
Selections 
of Rand 
02 depend 
on VCC2current 
draw. 
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In Figure 9, when VCCis switched on to the 8OC3IBH, 
capacitor CI provides a power-on reset. The reset func- 
tion writes Is to all the port pins. ,The I at P2.6 turns 
QI on, enabling Vcc to the secondary circuit through 
transistor Q2. As the 8OC31BH comes out of reset, Port 
2 commences emitting the high byte of the Program 
Counter, which results in the P2.7 and P2.6 pins out- 
putting Os.The 0 at P2.7 ensures continuation of Vcc 
to the secondary circuit. 


The system software must now write a I to P2.7 and a 0 
to P2.6 in the Port 2 SFR, P2. These values will not 
appear at the Port 2 pins as long as the device is fetch- 
ing instructions from external program memory. How- 
ever, whenever the 8OC31BH goes into Power Down, 
these values will appear at the port pins, and will shut 
off both transistors, disabling Vcc to the secondary cir- 
cuit. 


Closing the switch SI re-energizes the secondary cir- 
cuit, and at the same time sends a reset through C2 to 
the 8OC31BH to wake it up. The diode D I is to prevent 
CI from hogging current from C2 during this second- 
ary reset. D2 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to 
zero. 


VCCI 
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b. Using an nFET 


Figure 10. Using Power MOSFETs 
to Control 
VCC2 


USING POWER 
MOSFETs 
to 
CONTROL 
VCC 


Power MOSFETs are gaining in popularity (and avail- 
ability). The easiest way to control Vcc is with a Logic 
Level pFET, as shown in Figure lOa. This circuit al- 
lows the full Vcc to be used to turn the device on. 
Unfortunately, 
power pFETs 
are not economically 
competitive with bipolar transistors of comparable rat- 
ings. 


Power nFETs are both economical and available, and 
can be used in this application if a DC supply of higher 
voltage is available to drive the gate. Figure lOb shows 
how to implement aVec 
switch using a power nFET 
and a (nominally) + 12V supply. The problem here is 
that if the device is on, its source voltage is + 5V. To 
maintain the on state, the gate has to be another 5 or 
IOV above that. The "12V" supply is not particularly 
critical. A minimally flltered, unregulated rectifier will 
suffice. 


Here we consider circuits that normally draw power 
from the AC line, but switch to battery operation in the 
event of a power failure. We assume that in battery 
operation high-current 
loads will be allowed to die 
along with the AC power. The system may continue 
then with reduced functionality, monitoring a control 
transducer, perhaps, or driving an LCD. Or it may go 
into a bare-bones survival mode, in which critical data 
is saved but nothing else happens till AC power is re- 
stored. 


In any case it is necessary to have some early warning 
of an impending power failure so that the system can 
arrange an orderly transfer to battery power. Early 
warning systems can operate by monitoring either the 
AC line voltage or the unregulated rectifier output, or 
even by monitoring the regulated DC voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half-cy- 
cles of line frequency that AC power is down. In most 
cases you then have at least another half-cycle of line 
frequency before the regulated Vcc starts to fall. In a 
half-cycle of line frequency an 8OC51BH can execute 
about 5,000 instructions-plenty 
of time to arrange an 
orderly transfer of power. 


The circuit in Figure II uses a Zener diode to test the 
line voltage each half-cycle, and a junction transistor to 
pass the information on to the 8OC5IBH. (Obviously a 
voltage comparator with a suitable reference source can 
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Figure 11. Power Failure Detector with Battery Backup. When AC power fails, 
VCC1 goes down and VCC2 is held. 


perform the same function, if one prefers.) The way it 
works is if the line voltage reaches an acceptably high 
level, it breaks over ZI, drives QI to saturation, and 
interrupts the 8OC5IBH. The interrupt would be tran- 
sition-activated, in this application. The interrupt serv- 
ice routine reloads one of the C5IBH's timers to a value 
that will make it roll over in something between one 
and two half-cycles of line frequency. As long as the 
line voltage is healthy, the timer never rolls over, be- 
cause it is reloaded every half-cycle. If there is a single 
half-cycle in which the line voltage doesn't reach a high 
enough level to generate the interrupt, the timer rolls 
over and generates a timer interrupt. 


The timer interrupt then commences the transition to 
battery backup. Critical data needs to be copied into 
protected RAM. Signals to circuits that are going to 
lose power must be written to logic low. Protected cir- 
cuits (those powered by Vee2) that communicate with 
unprotected circuits must be deselected. The microcon- 
troller itself may be put into Idle, so that it can contin- 
ue some level of interrupt-driven 
functionality, or it 
may be put into Power Down. 


Note that if the CPU is going to invoke Power Down, 
the Special Function Registers may also need to be cop- 
ied into protected RAM, since the reset that terminates 
the Power Down mode will also intialize all the SFRs 
to their reset values. 


The circuit in Figure 
II does not show a wake-up 
mechanism. A number of choices are available, howev- 
er. A pushbutton could be used to generate an inter- 
rupt, if the CPU is in Idle, or to activate reset, if the 
CPU is in Power Down. 


Automatic wake-up on power restoration is also possi- 
ble. If the CPU is in Idle, it can continue to respond to 
any interrupts that might be generated by QI. The in- 
terrupt service routine determines from the status of 
flag bits GFO and GFI in PCON that it is in Idle be- 
cause there was a power outage. It can then sample 
Vcel 
through a voltage comparator similar to ZI, QI 
in Figure II. A satisfactory level of Vce I would be 
indicated by the transistor being in saturation. 


But perhaps you can't spare the timer that is the key to 
the operation of the circuit in Figure II. In that case a 
retriggerable one-shot, triggered by the AC line voltage, 
can perform essentially the same function. Figure 12 
shows an example of this type of power failure detector. 
A retriggerable one-shot (one half of a 74HC123) moni- 
tors the AC line voltage through transistor QI. QI re- 
triggers the one-shot every half-cycle of line frequency. 
If the output pulse width is between one and two half- 
cycles of line frequency, then a single missing or low 
half-cycle will generate an active low warning flag, 
which can be used to interrupt the microcontroller. 


The interrupt routine takes care of the transition to 
battery backup. From this point Veel 
mayor may not 
actually drop out. The missing half-cycle of line voltage 
that caused the power down sequence may have been 
nothing more than a short glitch. If the AC line comes 
back strong enough to trigger the one-shot while Vce I 
is still up (as indicated by the state of transistor Q2), 
then the other half of the 74HCI23 
will generate a 
wake-up signal. 
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Figure 12. Power Failure Detector 
uses retrlggerable 
one-shots 
to flag Impending 
power outage 
and 
generate 
automatic 
wake-up 
when power returns. 


Having been awakened, the 8OC51BH will stay awake 
for at least another half-cycle of line frequency (another 
5,000 or so instructions) before possibly being told to 
arrange another transfer of power. Consequently, if the 
line voltage is jittering erratically around the switch- 
over point (determined by diode Zl), the system will 
limp along executing in half-cycle units of line frequen- 
cy. 


On the other hand, if the power outage is real and 
lengthy, Veel 
will eventually fall below the level at 
which the backup battery takes over. The backup bat- 
tery maintains 
power to the 8OC51BH, and to the 
74HCl23, and to whatever other circuits are being pro- 
tected during this outage. The battery voltage must be 
high 
enough 
to 
maintain 
VeeM1N 
specs to 
the 
8OC5IBH. 


If the microcontroller is an 8OC31BH, executing out of 
external ROM, and if the C31BH is put into Idle dur- 
ing the power outage, then the external ROM must also 
be supplied by the battery. On the other hand, if the 
C3IBH 
is put into Power Down during the outage, 
then the ROM can be allowed to die with the AC pow- 
er. The considerations here are the same as in Figure 9: 
Vee to the ROM is still up at the time Power Down is 
invoked, and we must ensure (through selection of di- 
ode Z2 in Figure 12) that the 8OC31BH is not awak- 
ened till ROM power is back in spec. 


Battery backup systems need to have a way for the 
protected circuits to draw power from the line-operated 
power supply when that source is available, and to 
switch over to battery 
power when required. 
The 
switchover circuit is simple if the entire system is to be 
battery powered in the event of a line power outage. In 
that case a pair of diodes suffice, as shown in Figure 12, 
provided VeeMIN 
specs are still met after the diode 
drop has been subtracted 
from its respective power 
source. 


The situation becomes more complicated when part of 
the circuit is going to be allowed to die when the AC 
power goes out. In that case it is difficult to maintain 
equal Vees to protected and unprotected circuits (and 
possibly dangerous not to). 


The problem can be alleviated by using a Schottky di- 
ode instead of a IN4001, for its lower forward voltage 
drop. The lN5820, for example, has a foward drop of 
about O.35Vat lA. 


Other solutions are to use a transistor or power MOS- 
FET switch, as shown in Figure 13. With minor modifi- 
cations this switch can be controlled by port pins. 
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Figure 13. Power Swltchover 
Ckts. 


The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. 
The 27C64 requires an external address 
latch, and can be used with the 8OC3IBH as shown in 
Figure 
14a. In most 8031 + 2764 (HMOS) appli- 


cations, the 2764's Chip Enable (CE) pin is hardwired 
to ground (since it's normally the only program memo- 
ry on the bus). This can be done with the CHMOS 
versions as well, but there is some advantage in con- 
necting CE to ALE, as shown in Figure 14a. The ad- 
vantage is that if the 8OC3IBH is put into Idle mode, 
since ALE goes to a 1 in that mode, the 27C64 will be 
deselected and go into a low current standby mode. 


The timing waveforms for this configuration are shown 
in Figure 14b. In Figure 14b the signals and timing 
parameters in parenthesis are those of the 27C64, and 
the others are of the 8OC31BH, except Tprop is a pa- 
rameter of the address latch. The requirements for tim- 
ing compatibility are 


TAVIV - 
Tprop > tACC 
2 


TLLlV> 
tCE 
TPLlV> 
tOE 
TPXIZ> 
tDF 


If the application is going to use the Power Down mode 
then we have another consideration: In Idle, ALE = 
PSEN = I, and in Power Down, ALE = PSEN = O. 
In a realistic application there are likely to be more 
chips in the circuit than are shown in Figure 14, and it 
is likely that the nonessential ones will have their Vcc 
removed while the CPU is in Power Down. In that case 
the EPROM and the address latch should be among 
the chips that have Vcc removed, and logic lows are 
exactly what are required at ALE and PSEN. 


But if Vcc is going to be maintained to the EPROM 
during Power Down, then it will be necessary to de- 


(IACC) 


TAVIV 


Figure 14b. Timing Waveforms for 80C31BH + 
27C64 


select the EPROM when the CPU is in Power Down. If 
Idle is never invoked, CE of the EPROM can be con- 
nected to P2.7 of the 8OC3IBH, as shown in Figure 
15a. In normal operation, P2.7 will be emitting the 
MSB of the Program Counter, which is 0 if the pro- 
gram contains less than 32K of code. Then when the 
CPU goes into Power Down, the Port 2 pins emit P2 
SFR data, which puts a I at P2.7, thus deselectingthe 
EPROM. 


If Idle and Power Down are both going to be used, CE 
~~§WM~be~~~~~~W~All 
and P2.7, as shown in Figure 15b. In Idle, ALE = I 
willdeselectthe EPROM, and in Power Down, P2.7 = 
I will deselect it. 
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Figure 15. Modifications 
to 80C31BH/27C64 
Interface, 


Pulldown resistors are shown in Figure 14a under the 
assumption that something on the bus is going to have 
its Vcc removed during Power Down. If this is not the 
case, pullups can be used as well as pulldowns. 


."c; 
0 I \...0'+ IS liKetne .l7C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address and data pins of the 87C64,as shown in Figure 
16a.ALE drives the EPROM's ALE/CS input. During 
ALE high, the address information is allowed to flow 
into the EPROM and begin accessingthe code byte. On 
the falling edge of ALE the address byte is internally 
latched. The AO-A7 inputs are then ignored and the 
same bus lines are used to transmit the fetched code 
byte from the 00-07 
pins back to the 8OC3IBH. 


The timing waveformsfor this configuration are shown 
in Figure 16b. In Figure 16b the signals and timing 
parameters in parentheses are those of the 87C64, and 
the others are of the 8OC3IBH. The requirements for 
timing compatibility are 


The same considerations apply to the 87C64 as to the 
27C64 with regards to the Idle and Power Down 
modes. Basically you want CS = 
I if Vcc is main- 
tained to the EPROM, and CS = OE = 0 if Vcc is 
removed. 


There are many different kinds of keyboards, but alpha- 
numeric keyboards generally consist of a matrix of 8 
scan lines and 8 receive lines as shown in Figure 17. 
Each set of lines connects to one port of the microcon- 
troller. The software has written Osto the s~ 
lines, 
and Is to the receive lines. Pressing a key connects a 
scan line to a receive line, thus pulling the receive line 
to a logic low. 


The 8·receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key is 
down, and convert that information to some useful out- 
put. If more than one key in the line matrix is found to 
be pressed, no action is taken. (This is a "two key lock-' 
out" scheme.) 
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On some keyboards, certain keys (Shift, Control, Es- 
cape, etc.) are not a part of the line matrix. These keys 
would connect directly to a port pin on the microcon- 
troller, and would not cause lock-out if pressed simulta- 
neously with a matrix key, nor generate an interrupt if 
pressed singly. 


terrupt, which terminates the Idle. The interrupt serv- 
ice routine would first call a 30 ms (or so) delay to 
debounce the key, and then set about the task of identi- 
fying which key is down. 


Normally the microcontroller would be in idle mode 
when a key has not been pressed, and another task is 
not in progress. Pressing a matrix key generates an in- 


First, the current state of the receive lines is latched 
into an internal register. If a single key is down, all but 
one of the lines would be read as Is. Then Os are written 
to the receive lines and Is to the scan lines, and the scan 
lines are read. If a single key is down, all but one of 
r 
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these lines would be read as Is. By locating the single 0 
in each set of lines, the pressed key can be identified. If 
more than one matrix key is down, one or both sets of 
lines will contain multiple Os. 


A subroutine is used to determine which of 8 bits in 
either set of lines is 0, and whether more than one bit is 
O. Figure 18 shows a subroutine (SCAN) which does 
that using the 8051's bit-addressing capability. To use 
the subroutine, move the line data into a bit-address- 
able RAM location named LINE, and call the SCAN 
routine. The number of LINE bits which are zero is 
returned 
in ZERO_COUNTER. 
If only one bit is 
zero, its number (I through 8) is returned in ZERO_ 
BIT. 


The interrupt 
service routine that is executed in re- 
sponse to a key closure might then be as follows: 


CALL 
MOV 
CALL 
DJNZ 
MOV 
MOV 
MOV 
MOV 
CALL 
DJNZ 
XCH 
SWAP 
ORL 
XCH 
MOV 
MOV 
REJECT: 
CLR 
RETI 


DEBOUNCE_DELAY 
LINE,Pl; 
;See Figure 
SCAN 
ZERO_COUNTER,REJECT 
ADDRESS, ZERO_BIT 
P2,#OFFH; 
;See Figure 
Pl,#O 
LINE,P2 
SCAN 
ZERO_COUNTER, REJECT 
A, ZERO_BIT 
A 
ADDRESS,A 
A, ZERO_BIT 
Pl,#OFFH 
P2,#O 
EXO 


r-C 


'---- 
8OC51BH 
~ 
'--- 
f----------' 


)P1 P2( 


INTO 


SCAN: 
!'IOV 
ZERO 
COUNTER. 
*0 
ZERO_COUNTER 
counts 
tho 
number 
of 
O. 
In 
LINE. 


JB 
LINE:-O. 
ONE 
Test 
LINE 
bit 
O. 


INC 
ZERO_COUNTER 
If 
LINE. 
0 
- 
O. 
incre 
.••ltnt 
ZERO_COUNTER 
!'IOV 
ZERO_BIT. 
*1 
.nd 
rite ord 
that 
line 
number 
1 
I. 
active. 


ONE: 
JB 
LINE. 
1. TWO 
Procedure 
continues 
faT 
other 
LINE 
bits. 


INC 
ZERO 
COUNTER 
!'IOV 
ZERO=:BIT. 
*2 
Line 
number 
2 
io 
active. 


TWO: 
JB 
LINE. 
2. THREE 
INC 
ZERO_COUNTER 
I'IOV 
ZERO_BIT. 
*3 
Line 
number 
3 
10 ilctive. 


THREE: 
JB 
LINE. 
3. FOUR 
INC 
ZERO_COUNTER 
I'IOV 
ZERO 
BIT. *. 
Line 
number • I • 
activ 
•. 


FOUR: 
JB 
LINE .•• 
FIVE 
INC 
ZERO_COUNTER 
I'IOV 
ZERO_BIT. 
*5 
Line 
number 
5 10 active. 


FIVE: 
JB 
LINE. 
5. SIX 
INC 
ZERO 
COUNTER 
!'IOV 
ZERO=:BIT. 
*6 
Line 
number 
6 
I. 
active. 


SIX: 
JB 
LINE. 
6. SEVEN 
INC 
ZERO 
COUNTER 
!'IOV 
ZERO=:BIT. 
*7 
Line 
number 
7 
io 
activit. 
SEVEN' 
JB 
LINE. 
7. EIGHT 
• 


INC 
ZERO 
COUNTER 
I'IOV 
ZERO=:BIT. 
*8 
Line 
number 
8 
io 
at t i v •. 
EIGHT: 
RET 
270068-19 


Notice 
that 
RESPONSE_TO_KEY_CLOSURE 
does not change the Accumulator, the PSW, nor any of 
the registers ROthrough R7. Neither do SCAN or DE- 
BOUNCE_DELAY. 


What we come out with then is a one-byte key address 
(ADDRESS) 
which identifies the pressed key. The 
key's scan line number is in the upper nibble of AD- 
DRESS, and its receive line number is in the lower 
nibble. ADDRESS can be used in a look-up table to 
generate a key code to transmit to a host computer, 
and/or to a display device. 


The keyboard interrupt itself must be edge-triggered, 
rather than level-activated, so that the interrupt routine 
is invoked when a key is pressed, and is not constantly 
being repeated as long as the key is held down. In edge- 
triggered mode, the on-chip hardware clears the inter- 
rupt flag (EXO, in this case) as the service routine is 
being vectored to. In this application, however, contact 
bounce will cause several more edges to occur after the 
service routine has been vectored to, during the DE- 
BOUNCE_DELAY 
routine. Consequently it is neces- 


sary to clear EXO again in software before executing 
RETI. 


The debounce delay routine also takes advantage of the 
Idle mode. In this routine a timer must be preloaded 
with a value appropriate to the desired length of delay. 
This would be 


. 
I 
d 
(ose kHz) x (delaytimems) 
timerpre oa 
= 
12 


For example, with a 3.58 MHz oscillator frequency, a 
30 ms delay could be obtained using a preload value of 
- 8950, or DDOA, in hex digits. 


In the debounce delay routine (Figure 19), the timer 
interrupt is enabled and set to a higher priority than the 
keyboard interrupt, because as we invoke Idle, the key- 
board interrupt is still "in progress". An interrupt of 
the same priority will not be acknowledged, and will 
not terminate the Idle mode. With the timer interrupt 
set to priority I, while the keyboard interrupt is a prior- 
ity 0, the timer interrupt, when it occurs, will be ac- 
knowledged and will wake up the CPU. The timer in- 
terrupt service routine does not itself have to do any- 
thing. The service routine might be nothing more than 
a single RETI instruction. RETI from the timer inter- 
rupt service routine then returns execution to the de- 
bounce delay routine, which shuts down the timer and 
returns execution to the keyboard service routine. 


An LCD (Liquid Crystal Display) consists of a back- 
plane and any number of segments or dots which will 
be used to form the image being displayed. Applying a 
voltage (nominally 4 or 5V) between any segment and 
the backplane causes the segment to darken. The only 
catch is that the polarity of the applied voltage has to 
be periodically 
reversed, 
or else a chemical 
reac- 


inter 


DEaOUNCE_DELAY: 


MOV 
TL1. 
.TLl 
PRELOAD; 


MQV 
TH1. 
.TH1:PRELOAD 
SETa 
ETl 
SETa 
PTl 
SETa 
TRI 
ORL 
peON .• 1 


Prelo.d 
low 
b~t •. 


Prelo.d 
high 
byte. 


Enable 
Timer 
1 
interrupt. 


Set 
Timer 
1 
interrupt 
to 
high 
priorit~. 


Start 
timer 
running. 


Invoke 
Idle 
mode. 


Stop 
the 
timer, 


Sack 
to 
priority 
0 
(if 
desired). 


Disable 
Timer 
1 
interrupt 
(if 
d•• ired>. 


Continue 
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tion takes place in the LCD which causes deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, the backplane and all the 
segments are driven with an AC signal, which is de- 
rived from a rectangular voltage waveform. If a seg- 
ment is to be "off" it is driven by the same waveform as 
the backplane. Thus it is always at backplane potential. 
If the segment is to be "on" it is driven with a wave- 
form that is the inverse of the backplane waveform. 
Thus it has about 5V of periodically changing polarity 
between it and the backplane. 


With a little software overhead, the 8OC51BH can per- 
form this task without the need for additional LCD 
drivers. The only drawback is that each LCD segment 
uses up one port pin, and the backplane uses one more. 
If more than, say, two 7-segment digits are being driv- 
en, there aren't many port pins left for other tasks. 
Nevertheless, 
assuming 
a 
given 
application 
leaves 
enough port pins available to support this task, the con- 
siderations for driving the LCD are as follows. 


Suppose, for example, it is a 2-digit display with a deci- 
mal point. One port (TENS_DIGIT) 
connects to the 7 


segments of the tens digit plus the backplane. Another 
port (ONES_DIGIT) 
connects to a decimal point plus 
the 7 segments of the ones digit. 


One of the 80C5lBH's timers is used to mark off half- 
periods of the drive voltage waveform. The LCD drive 
waveform should have a rep rate between 30 and 100 
Hz, but it's not very critical. A half-period of 12 ms will 
set the rep rate to about 42 Hz. The preload/reload 
value to get 12 ms to rollover is the 2's complement 
negative of the oscillator frequency in kHz: if the oscil- 
lator 
frequency 
is 3.58 MHz, 
the reload 
value is 


- 3580, or F204 in hex digits. 


Now, the 8OC51BH would normally be in Idle, to con- 
serve power, during the time that the LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it 
generates 
an 
interrupt, 
which 
brings 
the 
8OC51BH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LCD_DRIVE_INTERRUPT: 
MOV 
TLl.#LOW( - XTAL_FREQ) 
MOV 
THl.#HIGH( - XTAL_FREQ) 
XRL 
TENS_DIGIT.#OFFH 
XRL 
ONES_DIGIT.#OFFH 
RETI 


To update the display, one would use a look-up table to 
generate the characters. In the table, "on" segments are 
represented as Is, and "otT" segments as Os.The back- 
plane bit is represented as a O.The quantity to be dis- 
played is stored in RAM as a BCD value. The look-up 
table operates on the low nibble of the BCD value, and 
produces the bit pattern that is to be written to either 
the ones digit or the tens digit. Before the new patterns 
can be written to the LCD, the LCD drive interrupt has 
to be disabled. That is to prevent a polarity reversal 
from taking place between the times the two digits are 
written. An update subroutine is shown in Figure 20. 


As was noted, 
driving 
an LCD 
directly 
with 
an 
8OC5lBH uses a lot of port pins. LCD drivers are avail- 
able in CMOS to interface an 8OC51BH to a 4-digit 
display using only 7 of the C5IBH's I/O pins. Basical- 
ly, the C51BH tells the LCD driver what digit is to be 
displayed (4 bits) and what position it is to be displayed 
in (2 bits), and toggles a Chip Select pin to tell the 
driver to latch this information. The LCD driver gener- 
ates the display characters (hex digits), and takes care 
of the polarity reversals using its own RC oscillator to 
generate the timing. 


Figure 
25 shows 
an 
8OC5lBH 
working 
with 
an 
ICM72l1M 
to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information to the LCD 
driver over the bus. In that case, one would set up the 
Accumulator with the digit select and data input bits, 
and execute a MOVX@ RO,A instruction. The LCD 
driver's chip select would be driven by the CPU's WR 
signal. This is a little easier in software than the direct 
bit manipulation shown in Figure 21. However, it uses 
more I/O pins, unless there is already some external 
memory involved. In that case, no extra pins are used 
up by adding the LCD driver to the bus. 


Analog transducers are often used to convert the value 
of a physical property, such as temperature, pressure, 
etc., to an analog voltage. These kinds of transducers 
then require an analog-to-digital converter to put the 
measurement into a form that is compatible with a digi- 
tal control system. Another kind of transducer is now 
becoming available that encodes the value of the physi- 
cal property into a signal that can be directly read by a 
digital control system. These devices are called reso- 
nant transducers. 


Resonant transducers are oscillators whose frequency 
depends in a known way on the physical property being 
measured. These devices output a train of rectangular 
pulses whose repetition rate encodes the value of the 
quantity being measured. The pulses can in most cases 
be fed directly into the 80C51BH, which then measures 
either the frequency or period of the incoming signal, 
basing the measurement on the accuracy of its own 
clock oscillator. The 8OC5lBH can even do this in its 
sleep; that is, in Idle. 


When the frequency or period measurement is complet- 
ed, the C5lBH wakes itself up for a very short time to 
perform a sanity check on the measurement and con- 
vert it in software to any scaling of the measured quan- 
tity that may be desired. The software conversion can 
include corrections for nonlinearities in the transduc- 
er's transfer function. 


Resolution is also controlled by software, and can even 
be dynamically varied to meet changing needs as a situ- 
ation becomes more critical. For example, in a process 
controller you can increase your resolution ("fine tune" 
the control, as it were) as the process approaches its 
target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20 Hz to 500 kHz, 
depending on the design. Transducers are available that 
have a full scale frequency shift 2 to I. The transducer 
operates from a supply voltage range of 3V to 20V, 
which means it can operate from the same supply volt- 
age as the 80C51BH. At 5V, the transducer draws less 
than 5 mA (Reference 7). It can normally be connected 
directly to one of the C5IBH's port pins, as shown in 
Figure 22. 


Measuring a frequency means counting pulses for a 
known sample time. Two timer!counters 
can be used, 
one to mark off the sample time and one to count puls- 
es. If the frequency being counted doesn't exceed 50 
kHz or so, one may equally well connect the transducer 
signal to one of the external interrupt pins, and count 
pulses in software. That frees up one timer, with very 
little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 
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1 LSB = Tx(Fmax-Fmin) 
2" 


For example, 8-bit resolution in the measurement of a 
frequency that varies between 7 kHz and 9 kHz would 
require, according to this formula, a sample time of 128 
ms. The maximum acceptable frequency count would 
be 128 ms X 9 kHz = 
1152 counts. The minimum 
would be 896 counts. Subtracting 896 from each fre- 
quency count (or presetting the frequency counter to 
- 896 = OFC80H) would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 


Therefore the sample time required for n-bit resolution 
is 


2" 
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Figure 22. Resonant 
Transducer 
Does Not 
Require 
an AID Converter 


To implement the measurement, one timer is used to 
establish the sample time. The timer is preset to a value 
that causes it to roll over at the end of the sample time, 
generating an interrupt and waking the CPU from its 
Idle mode. The required preset value is the 2's comple- 
ment negative of the sample time measured in machine 
cycles. The conversion from sample time to machine 
cycles is to multiply it by 1/12 the clock frequency. For 
example, if the clock frequency is 12 MHz, then a sam- 
ple time of 128 ms is 


Then the required preset value to cause the timer to roll 
over in 128 ms is 


Note that the preset value is 3 bytes wide whereas the 
timer is only 2 bytes wide. This means the timer must 
be augmented in software in the timer interrupt routine 
to three bytes. The 80C51BH has a DJNZ instruction 
(decrement and jump if not zero) that makes it easier to 
code the third timer byte to count down instead of up. 
If the third timer byte counts down, its reload value is 
the 2's complement of what it would be for an up-coun- 
ter. For example, if the 2's complement of the sample 
time is FEOCOO,then the reload value for the third 
timer byte would be 02, instead of FE. The timer inter- 
rupt routine might then be: 


TIMER_INTERRUPT_ROUTINE: 
DNJZ 
THIRD_TIMER_BYTE,OUT 
MOV 
TLO,#O 
MOV 
THO,#OCH 
MOV 
THIRD_TIMERBYTE,#2 
MOV 
FREQUENCY,COUNTER_LO 
;Preset COUNTER to -896: 
MOV 
COUNTER_LO,#80H 
MOV 
COUNTER_HI,#OFCH 
OUT: 
RETI 


At this point the value of the frequency of the transduc- 
er signal, measured to 8 bit resolution, is contained in 
FREQUENCY. Note that the timer can be reloaded on 
the fly. Note too that the timer can be reloaded on the 
fly. Note too that for 8-bit resolution only the low byte 
of the frequency counter needs to be read, since the 
high byte is necessarily O. However, one may want to 
test the high byte to ensure that it is zero, as a sanity 
check on the data. Both bytes, of course must be re- 
loaded. 


Measuring the period of the transducer signal means 
measuring the total elapsed time over a known number, 
N, of transducer pulses. The quantity that is directly 2 
measured is NT, where T is the period of the transduc- 
er signal in machine 
cycles. The relationship between T 
in machine cycles and the transducer frequency F in 
arbitrary frequency units is 


Fxtal 
T = -F- 
x (1/12), 


where Fxtal is the 80C5IBH clock frequency, in the 
same units as F. 


The full scale range then is Nx (Tmax-Tmin). 
For 
n-bit resolution. 


Ns(Tmax-Tmin) 
1LSB= 
2" 
. 


Therefore the number of periods over which the elapsed 
time should be measured is 


2" 
N=---- 
Tmax-Tmin 


However, N must also be an integer. It is logical to 
evaluate the above formula (don't forget Tmax and 
Tmin have to be in machine cycles) and select for N the 
next higher integer. This selection gives a period mea- 
surement that has somewhat more than n-bit resolu- 
tion, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution in the 
measurement of the period of a signal whose frequency 
varies from 7.1 kHz to 9 kHz. If the clock frequency is 
.12MHz, then Tmax is (12000 kHzl7.1 kHz) x (1/12) 
= 141 machine cycles. Tmin is III 
machine cycles. 


The required value for N, then, is 256/(141-111) 
= 
8.53 periods, according to the formula. Using N = 9 
periods will give a maximum NT value of 141 x 9 = 
1269 machine cycles. The minimum NT will be III 
X 


9 = 999 machine cycles. A lookup table can be used to 


."'<&,,, ."" ••: values oack to a range of 0 to 255, giving 
precisely the 8-bit resolution desired. 


To implement the measurement, one timer is used to 
measure the elapsed time, NT. The transducer is con- 
nected to one of the external interrupt pins, and this 
interrupt is configured to the transition-activated mode. 
In the transition-activated mode every I-to-Otransition 
in the transducer output will generate an interrupt. The 
interrupt routine counts transducer pulses, and when it 
gets to the predetermined N, it reads and clears the 
timer. For the specific example cited above, the inter- 
rupt routine might be: 


INTERRUPT_RESPONSE: 
DJNZ 
N,OUT 
MOV 
N,#9 
CLR 
EA 
CLR 
TRI 
MOV 
NT_LO,TLI 
MOV 
NT_HI,THI 
MOV 
TLI,#9 
MOV 
THI,#O 
SETB 
TRI 
SETB 
EA 
CALL 
LOOKUP_TABLE 
OUT: 
RETI 


In this routine a pulse counter N is decremented from 
its preset value, 9, to zero. When the counter gets to 
zero it is reloaded to 9. Then all interrupts are blocked 
for a short time while the timer is read and cleared. The 
timer is stopped during the read and clear operations, 
so "clearing" it actually means presetting it to 9, to 
make up for the 9 machine cycles that are missed while 
the timer is stopped. 


The subroutine LOOKUP_TABLE 
is used to scale 
the measurement back to the desired 8-bit resolution. It 
can also include built-in corrections for errors or non- 
linearities in the transducer's transfer function. 


The subroutine uses the MOVC A, 
@ A + DPTR 
instruction to access the table, which contains 270 en- 
tries commencing at the 16-bit address referred to as 
TABLE. The subroutine must compute the address of 
the table entry that corresponds to the measured value 
of NT. This address is 


LOOKUP_TABLE: 
PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 


ACC 
PSW 
A,#LOW(TABLE-NTMIN) 
A,NT_LO 
DPL,A 
A,#HIGH(TABLE-NMTIN) 


ADDC 
MOV 
CLR 
MOVC 
MOV 
POP 
POP 
RET 


A,NT_HI 
DPH,A 
A 
A,@A+DTPR 
PERIOD,A 
PSW 
ACC 


At this point the value of the period of the transducer 
signal, measured to 8 bit resolution, is contained in PE- 
RIOD. 


The 8OC51BHtimers have an operating mode which is 
particularly suited to pulse width measurements, and 
will be useful in these applications if the transducer 
signal has a fixed duty cycle. 


In this mode the timer is turned on by the on-chip 
circuitry in response to an input high at the external 
interrupt pin, and off by an input low, and it can do this 
while the 80C5lBH is in Idle. (The "GATE" mode of 
timer operation is described in the Intel Microcontrol- 
ler Handbook.) The external interrupt itself can be en- 
abled, so the same I-to-Otransition from the transducer 
that turns off the timer also generates an interrupt. The 
interrupt routine then reads and resets the timer. 


The advantage of this method is that the transducer 
signal has direct accessto the timer gate, with the result 
that variations in interrupt response time have no effect 
on the measurement. 


Resonant transducers that are designed to fully exploit 
the GATE mode have an internal divide-by-N circuit 
that fixes the duty cycle at 50% and lowers the output 
frequency to the range of 250 to 500 Hz (to control 
RFI). The transfer function between transducer period 
and measurand is approximately linear, with known 
and repeatable error functions. 


The CHMOS version of the 8051 is architecturally 
identical with the HMOS version, but there are never- 
theless some important differencesbetween them which 
the designer should be aware of. In addition, some ap- 
plications require interchangeability between HMOS 
and CHMOS parts. The differencesthat need to be con- 
sidered are as follows: 


External Clock Drive: To drive the HMOS 8051 with 
an external clock signal, one normally grounds the 
XTALI pin and drives the XTAL2 pin. To drive the 
CHMOS 8051 with an external clock signal, one must 
drive the XTALI pin and leave the XTAL2 pin uncon- 
nected. The reason for the difference is that in the 


HMOS 8051 it is the XTAL2 pin that drives the inter- 
nal clocking ~ircuits, whereas in the CHMOS version it 
is the XTALl pin that drives the internal clocking cir- 
cuits. 


There are several ways to design an external clock drive 
to work with both types. For low clock frequencies (be- 
low 6 MHz), the HMOS 8051 can be driven in the same 
way as the CHMOS version, namely, through XTALl 
with XTAL2 unconnected. Another 
way is to drive 
both XTALl and XTAL2; that is, drive XTALl and 
use and external inverter to derive from XTALI a sig- 
nal with which to drive XTAL2. 


In either case a 74HC or 74HCT circuit makes an ex- 
cellent driver 'for XTALl and/or XTAL2, because nei- 
ther the HMOS nor the CHMOS XTAL pins have 
TTL-like input logic levels. 


Unused Pins: Unused pins of Ports I, 2 and 3 can be 
ignored in both HMOS and CHMOS designs. The in- 
ternal pullups will put them into a defined state. Un- 
used Port 0 pins in 8051 applications can be ignored, 
even if they're floating. But in 80C51BH applications, 
these pins should not be left afloat. They can be exter- 
nally pulled up or down, or they can be internally 
pulled down by writing Osto them. 


803118OC31BH designs mayor 
may not need pullups 
on Port O. Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part .if 
the Idle or Power Down mode is invoked, because m 
these modes Port 0 floats. 


Logic Levels: If VCC is between 4.5V and 5.5V, an 
input signal that meets the HMOS 8051's input logic 
levels will also meet the CHMOS 8OC51BH's input log- 
ic levels (except for XTALl/XTAL2 
and RST). For 
the same VCCcondition, the CHMOS device will reach 
or surpass the output logic levels of the HMOS device. 
The HMOS device will not necessarily reach the output 
logic levels of the CHMOS device. T~is is an impo~ant 
consideration 
if HMOS/CHMOS 
mterchangeabillty 
must be maintained in an otherwise CMOS system. 


HMOS 8051 outputs that have internal pullups (Ports 
1,2, and 3) "typically" reach 4V or more ifloH is zero, 
but not fast enough to meet timing specs. Adding an 
external pullup resistor will ensure the logic level, but 
still not the timing, as shown in Figure 23. If timing is 
an issue, the best way to interface HMOS to CMOS is 
through a 74HCT circuit. 


Idle and Power Down: The Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


Figure 23. O-to-1 Transition Shows Unspec'd 
Delay (~t) In HMOS to 74HC Logic 


wishes to preserve the 
capability 
of interchanging 
HMOS and CHMOS 8051s the software has to be de- 
signed so that the HMOS parts will respond in an ac- 
ceptable manner when a CHMOS reduced power mode 
is invoked. 


'For example, an instruction that invokes Power Down 
can be followed by a "JMP $": 


CLR 
EA 
ORL 
PCON.#2 
JMP 
$ 


The CHMOS and HMOS parts will respond to this 
sequence of code differently. The CHMOS part: going 
into a normal CHMOS Power Down Mode, will stop 
fetchi"nginstructions until it gets a hardware reset. The 
HMOS part will go through the motions of executing 
the ORL instruction, and then fetch the JMP instruc- 
tion. It will continue fetching and executing JMP $ un- 
til hard ware reset. 


Maintaining HMOS/CHMOS 
8051 interchangeability 


in response to Idle requires more planning. The HMOS 
part will not respond to the instruction that puts the 
CHMOS part into Idle, so that instruction needs to be 
followed by a software idle. This would be an idling 
loop which would be terminated by the same conditions 
that would terminate 
the CHMOS's 
hardware 
Idle. 


Then when the CHMOS device goes into Idle, the 
HMOS version executes the idling loop, until either a 
hardware reset or an enabled interrupt is received. Now 
if Idle is terminated by an interrupt, execution for the 
CHMOS device will proceed after RETI from the in- 
struction following the one that invoked Idle. The in- 
struction following the one that invoked Idle is the 
idling loop that was inserted for the HMOS device. At 
this point, both the HMOS and CHMOS devices must 
be able to fall through the loop to continue execution. 


• 
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One way to achieve the desired effect is to define a 
"fake" Idle flag, and set it just before going into Idle. 
The instruction that invoked Idle is followed by a soft- 
ware idle: 


SETB 
ORL 
JB 


IDLE 
PCON,#l 
IDLE, $ 


Now the interrupt that terminates the CHMOS's Idle 
must also break the software idle. It does so by clearing 
the "Idle" bit: 


CLR 
IDLE 
RETI 


Note too that the PCON register in the HMOS 8051 
contains only one bit, SMOD, whereas the PCON reg- 
ister in CHMOS contains SMOD plus four other bits. 
Two of those other bits are general purpose flags. Main- 
taining 
HMOS/CHMOS 
interchangeability 
requires 
that these flags not be used. 
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The serial port on the 8051 has been enhanced on the 
83C51FA with the addition of two new features: Auto- 
matic Address Recognition and Framing Error Detec- 
tion. Automatic Address Recognition facilitates multi- 
processor communications by reducing CPU overhead. 
Framing Error Detection increases communication reli- 
ability by checking each reception for a valid stop bit. 


This Application Note explains how to use these new 
features with samples of code for typical applications. 
A section is also included which reviews how to set up 
the serial port for multiprocessor applications. 


MULTIPROCESSOR 
COMMUNICATIONS 


In applications where multiple controllers jointly per- 
form a task, the master controller must be able to com- 
municate selectively with individual slaves. To do this, 
the master first identifies the target slave (or slaves) 
with an address byte and then transmits a block of data. 
The target slaves must be able to identify their own 
address before receiving any data bytes. 


The serial port on the 8051 provides a 9-bit mode to 
facilitate multiprocessor 
communication. 
The 9th bit 
allows the controller to distinguish between address 
and data bytes. In this mode, a total of II bits are 
received or transmitted: a start bit (0), 8 data bits (LSB 
first), a programmable 9th bit, and a stop bit (I). See 
Figure below. 


The 9th bit is set to I to identify address bytes and set 
to 0 for data bytes. A typical data stream is seen below: 


ADDRESS 
BYTE 
08 = 1 


DATA BYTE 
08 = 0 


DATA BYTE 
I 
... 


08 = 0 


Initially the slave is set up to only receive address bytes. 
Once it receives its own address, the slave reconfigures 
itself to receive data. On the 8051 serial port, an ad- 
dress byte interrupts all slaves for an address compari- 
son. On the 83C51FA, however, Automatic Address 
Recognition allows the addressed slave to be the only 
one interrupted; that is, the address comparison occurs 
in hardware, not software. With this feature, the master 
controller can establish communication 
with one or 
more slaves without all the slaves having to respond to 
the transmission. 


AUTOMATIC 
ADDRESS 
RECOGNITION 


Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
This would also effectively reduce the sophistication of 
the serial protocol when numerous controllers are shar- 
ing the same serial link. 


This same feature can also be used in conjunction with 
the Idle Mode to reduce the system's overall power 
consumption. For instance, a master may need to com- 
municate with only one slave at a time. With all slaves 
in Idle Mode, only that one slave would be interrupted 
to respond to the master's transmission. Without Auto- 
matic Addressing, each slave would have to "wake up" 
to check for its address. Limiting the interruptions re- 
duces the amount of current drawn by the system and 
thus reduces the power consumption. 


In multiprocessor applications the serial port is config- 
ured in either of the 9-bit modes (Mode 2 or 3). Mode 2 
has a fixed baud rate whereas Mode 3 is variable. For 
more information on the different serial port modes re- 
fer to the "Serial Port Set Up" section. 


Automatic Address Recognition is enabled by setting 
the SM2 bit in SCON. Each slave has its SM2 bit set 
waiting for an address byte (9th bit = I). The Receive 
Interrupt (RI) flag will get set when the received byte 
corresponds to either a Given or Broadcast Address. 
The slave then clears its SM2 bit to enable reception of 
data bytes (9th bit = 0) from the master. 


The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing 
all 
slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two new 
Special Function Registers: SADDR and SADEN. 


A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defines don't-eares to form 
the Given Address. These don't-cares allow flexibility 
in the user-defmed protocol to address one or more 
slaves. The following is an example of how to define 
Given 
Addresses 
and 
selectively address 
different 
slaves. 
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Slave 1 
SADDR 
1111 
0001 
SADEN 
1111 
1010 


GIVEN 
1111 
OXOX 


Slave 2 
SADDR 
1111 
0011 
SADEN 
1111 
1001 


GIVEN 
1111 
OXX1 


The SADEN bytes have been selected such that bit 1 
(LSB) is a don't-care for Slave l's Given Address, but 
bit 1 = I for Slave 2. Thus, to selectively communicate 
with just Slave 1 an address with bit I = 0 would be 
used (e.g. 1111סס oo). 


Similarly, bit 2 = 0 for Slave 1, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad- 
dress with bit 2 = 1 would be used (e.g. 1111 0111). 


Finally, to communicate with both slaves at once the 
address must have bit 1 = 1 and bit 2 = O. Notice, 
however, that bit 3 is a "don't-care" 
for both slaves. 
This allows two different addresses to select both slaves 
(1111 0001 or 1111 0101). If a third slave was added 
that required its bit 3 = 0, then the latter address could 
be used to communicate with Slave 1 and 2 but not 
Slave 3. 


The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of SADDR and SADEN with zeros defined 
as don't-cares. For example, the Broadcast address for 
Slave 1 would be formed as follows: 


SADDR = 1111 
0001 =D- 


BROADCAST = 1111 
lXl1 
SADEN = 1111 
1010 
270490-2 


The don't-cares 
also allow flexibility in defining the 
Broadcast Address, but in most applications a Broad- 
cast Address will be OFFH. 


SADDR and SADEN are located at address A9H and 
B9H, respectively. On Reset, SADDR and SADEN are 
initialized to OOHwhich defmes the Given and Broad- 
cast Addresses as XXXX XXXX (all don't-cares). This 
assures the 83C51FA serial port to be backwards com- 
patible with the other MCSiP)-51products which do not 
implement Automatic Addressing. 


Framing Error Detection is another new feature on 
83C51FA serial port which allows the receiving con- 
troller to check for valid stop bits in Modes 1,2, or 3. A 
missing stop bit can be caused, for example, by noise on 
the serial lines or transmission by two CPUs simulta- 
neously. 


If a stop bit is missing a Framing Error bit FE will be 
set. This bit can then be checked in software after each 
reception to detect communication errors. Once set, the 
FE bit must be cleared in software. A valid stop bit will 
not clear FE. 


The FE bit is located in SCON and shares the same bit 
address as SMO.To determine which is accessed, a new 2 
control bit called SMODO has been added in the PCON 
register (see figures below). If SMODO = 0, then ac- 
cesses to SCON.7 are to SMO. If SMODO = I, then 
accesses to SCON.7 are to FE. 


peON: 
Power Control Register (Not Bit Addressable) 


ISMOD1ISMODO~ 


Address = 87H 


The following sections of code show examples of how 
to invoke Automatic Addressing and Framing Error 
Detection. Routines for both the slave and master are 
given. Code is also included to initialize both serial 
ports; however, for more information on setting up the 
serial port refer to the next section. 


For this example, the master and slave are transmit- 
ting/receiving at 9600 baud with a 12 MHz crystal fre- 
quency. To obtain this baud rate, the serial port is con- 
figured in Mode 3 and Timer 2 is used as the baud-rate 
generator. 


Listing 1 shows the initialization for the slave. Notice 
that Automatic Addressing and Framing Error Detec- 
tion are enabled. The Given and Broadcast addresses 
for this slave are taken from Slave 1 in the previous 
example. A temporary byte has also been defined to 
store the incoming data byte. 


The slave will remain in Idle Mode until it is interrupt- 
ed by its own address. At that point, it clears the SM2 
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ORG 
OOH 
LJMP 
INIT 


ORG 
0023H 
LJMP 
SERIAL_PORT_INTERRUPT 


INIT: MOV SCON, #OFOH 


ORL PCON, #40H 
MOV RCAP2H, #OFFH 
MOV RCAP2L, #OD9H 
MOV T2CON, #34H 


Mode 3, enable Auto Addressing 
and reception 
FE bit accessed 
(SMODO = 1) 
Reload values for 9600 Baud 


Timer 2 set up, TR2 = 1 turns 
timer on 


INTERRUPTS: 
SETB EA 
SETB ES 
Enable global interrupt 
Enable serial port interrupt 


ADDRESSES: 
MOV SADDR, # 11110001 
MOV SADEN, # 11111010 
Define Given & Broadcast 
Addresses 
GIVEN 
= 11110XOX 
BROADCAST = lllllXll 


SERIAL_PORT 
INTERRUPT: 
PUSH PSW 
CLR RI 
RI set when address 
is 
recognized & must be cleared 
in software 
Reconfigure 
slave to receive 
data bytes 


RECEIVE_DATA: 
JNB RI, $ 
MOV C, SCON.7 
JC FRAMING_ERROR 
MOV TEMP, SBUF 


CLR RI 


Wait for RI to be set 
Check for framing error 


Receive 
data byte & store 
in temporary 
location 
Clear flag for next 
reception 
Re-enable 
Automatic 
Addressing 
POP PSW 
RETI 


FRAMING_ERROR: 
CLR SCON.7 
CLR C••• 
Error routine left up to 
the user 
POP PSW 
RETI 


11l10001B 
30H 


Listing 3. Initialization 
and Transmit 
Routines 
for the Master 


MOV SCON, #ODOH 
MOV RCAP2H, #OFFH 
MOV RCAP2L, #OD9H 
MOV T2CON, #34H 


TRANSMIT_ADDRESS: 
CLR TI 
SETB TBB 


MOV SBUF, #GIVEN_l 
JNB 
TI, $ 


TRANSMIT_DATA: 
CLR TBB 


MOV SBUF, MESSAGE_l 
JNB TI, $ 
CLR TI 


Mode 3, REN = 1 
9600 Baud 


Mark 1st byte as an address 
byte 
(9th bit = 1) 
Send address 
Wait for transmission 
complete 
Clear flag for next 
transmission 


Mark 2nd byte as a data 
byte 
(9th bit = 0) 
Send data byte 


bit to enable reception of data bytes. Depending on the 
user's protocol, more than one data byte may actually 
be received. This example, however, assumes only one 
byte of data follows each address byte. 


Listing 2 shows the receive routine. Notice that when 
the data byte is received, the software checks for a 
framing error. The error routine could, for example, 
send an error message to the master and ask the master 
to re-transmit the last message. Before exiting the rou- 
tine the SM2 is set to I to reenable Automatic Address- 
ing. Once the slave has responded to the master's com- 
mand, it could also put itself back into Idle Mode to 
wait for the next message. 


The initialization routine for the master in Listing 3 is 
very similar to the slave. In this example, however, the 
master does not need Automatic Addressing; it is sim- 
ply transmitting address and data bytes. GIVEN_I 
is 
a byte to address the slave in the above example. 
MESSAGE_I 
is a register that contains the data byte 
sent to this slave. Its value is arbitrary for the sample 
code. 


This section describes how to initialize the 83C51FA 
serial port for multiprocessor applications. Two differ- 
ent modes are available which provide 9-bit operation: 


Mode 2 which has a fixed baud rate and Mode 3 which 
has a variable baud rate. Baud rates can be generated 
by either 
Timer 
I or Timer 
2 (available on the 
83C51FA but not the 8051). Deciding which mode and 
timer to use is determined by the desired baud rate and 
clock frequency of the particular application. 


Another consideration is the tolerance needed between 
serial ports. Since the serial port re-synchs its receiver 
at every start bit, only 8 or 9 bit-times are available to 
accumulate timing errors. As a result, the receiver and 
transmitter only have to be within about 5% of each 
other's baud rate. Allowing equal error to both trans- 
mitter and receiver, only about 2% accuracy is actually 
needed. 


Following is a discussion of both Modes 2 and 3 and 
examples of how to program each. The mode selection 
bits (SMO and SMI) are located in SCON. The REN 
bit must also be set to enable reception. 


Address = 


Mode 
2 


98H 


SMO 
1 
SM1 
o 
Baud Rate 
Fosc/64 
or 
Fosc/32 
Variable 


Frequency 
Desired Baud Rate 
= 
12 MHz 
= 375 kBaud 
= 1/32 (Osc Freq) 


Serial port Mode 2 
Automatic Addressing 
(5M2 = 1). 
reception enabled 
(REN = 1) 
SMODl = 1 to double baud rate 


Mode 2 
Mode 2 uses a fixed baud rate of 1/32 or 1/64 of the 
oscillator frequency depending on the value of the 
SMODI bit in PCON. This mode basically offers a 
choice of two high-speed baud rates. With a 12 MHz 
clock frequency, baud rates of 187.5 kbaud or 375 
kbaud can be obtained. 


None of the timer/counters 
need to be set up for Mode 
2. Only the SFRs SCON and PCON need to be defined. 


PCON: Power Control Register (Not Bit Addressable) 


ISMOD1ISMODO~ 


Address = 87H 


2SMOD1 
X Osc Freq . 


Mode2 Baud Rate = 
64 


SMOD1 
= 0, 


SMOD1 
= 1, 
Baud Rate = 1/64 Osc Freq 
Baud Rate = 1/32 Osc Freq 


Mode 3 
Mode 3 of the serial port has a variable baud rate gener- 
ated by either Timer 1 or Timer 2. The baud rate is 
generated by the rollover rate of the selected timer. The 
timer is operated in an auto-reload mode so it will roll 
over to the reload value selected in software. 


Baud rates based off Timer 2 have less granularity so 
that almost any baud rate can be obtained at a given 
clock frequency. However, Timer 1 is sufficient if the 
desired baud rate can be obtained at the specified clock 
frequency. Remember baud rates only need about 2% 
accuracy. 


To generate baud rates Timer 1 is usually configured in 
8-bit auto-reload mode (Mode 2). The mode select bits 


are MI and MOlocated in TMOD. To turn on Timer 1 
the TRI bit in TCON must be set. Also, the Timer 1 
interrupt should be disabled in this application so that 
when the timer overflows it does not generate an inter- 
rupt. 


TMOD: Timer/Counter 
Mode Control Register 
(Not bit addressable) 


Timer 1 
Address = 89H 


TeON: Timer/Counter 
Control Register 
(Bit addressable) 


The formula for calculating the baud rate is given be- 
low. THI is the reload value for Timer 1 when it over- 
flows. 


B 
d R 
K x Osc Freq 
au 
ate = 32 x 12 x [256 
- 
(TH1)] 


K = 1 if SMOD1 
= O. 


K = 2 if SMOD1 
= 1. (SMOD1 
is at peON.7) 


If the baud rate is known, the reload value THI can be 
calculated by: 


TH1 = 256 _ 
K x Osc Freq 
384 x Baud Rate 


THI must be an integer value. Rounding off THI to 
the nearest integer may not produce the desired baud 
rate with the 2% accuracy required. In this case, anoth- 
er crystal frequency may have to be chosen. 


Refer to Table 1 for timer reload values for commonly 
used baud rates. 
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Baud Rate 
OscFreq 
SMOD1 
Timer 
1 


TMOD 
Reload 
Value 


62.5K 
12 MHz 
1 
20 
FFH 
19.2K 
11.06 MHz 
1 
20 
FDH 
9.6K 
11.06 MHz 
0 
20 
FDH 
4.8K 
11.06 MHz 
0 
20 
FAH 
2.4K 
11.06 MHz 
0 
20 
F4H 
1.2K 
11.06 MHz 
0 
20 
E8H 
300 
6MHz 
0 
20 
CCH 
110 
6MHz 
0 
20 
72H 


Frequency 
Desired Baud Rate 
= 11.0 
MHz 
= 19.2 
kBaud 


(2) 
x 
(11.0 
x 
106) 
= 256 - -------- 
(32) 
x (12) 
x (19200) 


MOV SCON, #OFOH 


ORL PCON, #80H 
MOV TMOD, #20H 
MOV TH1, #OFDH 


SETB TRl 


Serial port Mode 3, SM2 = 1, 
HEN = 1 
SMODl = 1 
Timer 1 Mode 2 
Reload value for desired baud 
rate 
Turn on Timer 1 


It can be seen that the exact frequency to generate the 
standard 
baud 
rates (19.2K, 9600, 4800, etc.) is 
11.06 MHz. However, it is not necessary to use this 
exact frequency. With a 2% tolerance any crystal value 
from 10.8 MHz to I I.3 MHz is sufficient. 


Timer 2 has a special baud-rate generator mode which 
transmits and receives at the same baud rate. This 
mode is invoked by setting both the RCLK and TCLK 
bits in T2CON. To turn Timer 2 on the TR2 bit should 
also be set. 


Unlike Timer I, this mode does not require that the 
timer overflow interrupt be disabled. That is, when 
Timer 2 is in the baud-rate generator mode, its inter- 
rupt is disconnected from the Timer 2 overflow. This 


interrupt then becomes available as a third external in- 
terrupt. (For more information on external interrupts, 
refer to the chapter "Hardware Description of the 
8051" in the Embedded Controller Handbook.) 


T2CON: Timer/Counter 2 Control Register 
(Bit Addressable) 


This formula for calculating the baud rate is given be- 
low. (RCAP2H, RCAP2L) is the 16-bit reload value 
when Timer 2 overflows. 


where (RCAP2H, RCAP2L) is a 16-bit unsigned inte- 
ger. 


To obtain the reload value for RCAP2H and RCAP2L 
the above equation can be rewritten as: 


Osc Freq 
(RCAP2H, 
RCAP2L) 
= 65536 
- 
2 
B 
d R t 
3 
x 
au 
a e 


Refer to Table 2 for reload values for commonly used 
baud rates. 


Notice that when using Timer 2, most standard baud 
rates can be obtained at 12 MHz. 


Table 2. Commonly 
Used Baud Rates 
Generated 
by Timer 2 


Baud Rate 
OscFreq 
Timer 2 


RCAP2H 
RCAP2L 


375K 
12 MHz 
FF 
FF 
9.6K 
12 MHz 
FF 
09 
4.8K 
12 MHz 
FF 
B2 
2.4K 
12 MHz 
FF 
64 
1.2K 
12 MHz 
FE 
C8 
300 
12 MHz 
FB 
1E 
110 
12 MHz 
F2 
AF 
300 
6MHz 
FO 
8F 
110 
6MHz 
F9 
57 


Frequency 
Desired Baud Rate 
= 12 MHz 
= 9600 Baud 


(12 
X 
106) 
= 65536 - ----- 
(32) x (9600) 
= 65497 = FFD9H 


MOV SCON, #OFOH 
Serial port Mode 3, 5M2 = I, 
REN = 1 
MOV RCAP2H, #OFFH 
Reload values for desired 
MOV RCAP2L, #OD9H 
baud rate 
MOV T2CON. #34H 
Timer 2 as baud rate 
generator, 
turn on Timer 2 
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For microcontroller applications which require more 
than one serial port, the 83C51FA Programmable 
Counter Array (PCA) can implement additional half- 
duplex serial ports. If the on-chip UART is being used 
as an inter-processor link, the PCA can be used to in- 
terface the 83C51FA to additional asynchronous lines. 


This application uses several different Compare/Cap- 
ture modes available on the PCA to receiveor transmit 
bytes of data. It is assumed the reader is familiar the 
PCA and ASM51. For more information on the PCA 
refer to the "Hardware Description of the 83C51FA" 
chapter in the Embedded Controller Handbook (Order 
No. 210918). 


The figure below shows the format of a standard IO-bit 
asynchronous frame: I start bit (0), 8 data bits, and I 
stop bit (I). The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
start bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are eight data bits which are trans- 
mitted least significantbit first. The stop bit is set to the 
opposite state of the start bit to guarantee that the lead- 
ing edge of the start bit will cause a transition on the 
line. It also provides a dead time on the line so that the 
receiver can maintain its synchronization. 


Two of the Compare/Capture modes on the PCA are 
used in receiving and transmitting data bits. When re- 
ceiving, the Negative-Edge Capture mode allows the 
PCA to detect the start bit. Then using the Software 
Timer mode, interrupts are generated to sample the in- 
coming data bits. This same mode is used to clock out 
bits when transmitting. 


(I) List of variables 
(2) Initialization routine 


(3) Receive routine 
(4) Transmit routine. 


A complete listing of the routines and the test loop 
which was used to verify their operation is found in the 
Appendix. A total of three half-duplex channels were 
run at 2400 Baud in the test program. The listings 
shown here are simplified to one channel (Channel 0). 


Listing I shows the variables used in both the receive 
and transmit routines. Flags are defined to signify the 
status of the reception or transmission of a byte 
(e.g. 
RCV_START_BIT, 
TXM_START_BIT). 


RCV_BUF 
and TX~BUF 
simulate the on-chip se- • 
rial port SBUF as two separate buffer registers. The 
temporary registers, RCV_REG 
and TXM_REG, 


are used to savebits as they are received or transmitted. 
Finally, two counter registers keep track of how many 
bits have been received or transmitted. 


Variables are also needed to define one-half and one- 
full bit times in units of PCA timer ticks. (One bit time 
= I / baud rate.) With the PCA timer incremented 
every machine cycle, the equation to calculate one bit 
time can be written as: 


Ooc. Freq. 
(12) x (baud rale) = 1 billime 
(in PCA limer 
licks) 


16MHz 
(12) 
X (2400) = 556 counts 
= 22C 
Hex 


The high and lowbyte ofthis valueisplacedin the varia- 
bles FULL_BIT_HIGH 
and FULL_BIT_LOW, 


respectively. 
115H 
is 
the 
value 
loaded 
into 


HALF_BIT_HIGH 
and HALF_BIT_LOW. 


inter 


TXM_REG_O 


TXM COUNT ° 


HALF 
BIT 
HIGH 
HALF-BIT-LOW 
FULL-BIT-HIGH 
FULL-BIT-LOW 


EQU 
EQU 
EQU 
EQU 


Indicates 
start 
bit 
has been 
received 
Indicates 
data 
byte 
has been 
received 
Software 
Receive 
"SBUF" 
Temporary 
register 
for receive 
bits 
Counter 
for receiving 
bits 


Indicates 
start 
bit 
has 
been 
transmitted 
Indicates 
transmit 
is 
in progress 
Software 
transmit 
"SBUFII 
Temporary 
register 
for transmitting 
bits 
Counter 
for transmit- 
ting 
bits 
Register 
used 
for the 
test 
program 


Two modes 
of operation 
for compare/capture 
modules 


Listing 2 contains the intialization code for the receive and transmit process. Module 0 of the PCA is used as a 
receiver and is first set up to detect a negative edge from the start bit. Modules 2 and 3 are used for the additional 2 
channels (see the Appendix). Module 3 is used as a separate software timer to transmit bits. 


ORG 
OOOOH 
LJMP 
INITIALIZE 
ORG 
00lBH 
LJMP 
RECEIVE_DONE 
Timer 
1 overflow 
- 
simulates 
"RI" interrupt 


Initialize 
stack 
pointer 
(specific 
to test 
program) 
Increment 
PCA timer 
@ 1/12 Osc Frequency 
Clear 
all 
status 
flags 
Module 
0 in negative-edge 
trigger 
mode 
(P1.3) 
Module 
3 as software 
timer 
mode 


IN!T PCA: 
MOV 
CMOD, 
iOOH 


MOV 
CCON, 
iOOH 
MOV 
CCAPMO, 
iNEG EDGE 


MOV 
CCAPM3, 
is W TIMER 


MOV 
CL, 
iOOH 
MOV 
CH, 
ilOOH 
MOV 
IE, 
iOD8H 
Init 
all needed 
interrupts 
EA, 
EC, 
ES, 
ET1 
Turn 
on PCA 
Counter 


Two operating modes of the PCA are needed to receive bits. The module must first be able to detect the leading edge 
of a start bit so it is initially set up to capture a l-to-O transition (i.e. Negative-Edge Capture mode). The module is 
then reconfigured as a software timer to cause an interrupt at the center of each bit to deserialize the incoming data. 
The flowchart for the receive routine is given in Figure I. 


• 


Add 1 bIt 
time to 
companl/copture 
registers 


Reconflgunt 
PCA 
module 
to 
capture 
1 - 0 
tronsltlons 


Add 1 bit 
time to 
compare/copture 
registers 


Reconllgure 
PCA 
module 
to 
capture 
1 - 0 
transitions 


Listing 3.1 shows the code needed to detect a start bit. Notice that the first software timer interrupt will occur one- 
half bit time after the leading edge of the start bit to check its validity. If it is valid, the RCV~TART_BIT 
is set. 


The rest of the samples will occur a full bit time later. The RCV_COUNT 
register is loaded with a value of 9 which 
indicates the number of bits to be sampled: 8 data bits and I stop bit. 


MOV 
A, 
CCAPMO 
ANL 
A, 
tOlllllllB 
CJNE 
A,tNEG_EDGE, 


Assume 
reception 
on 
Module 
0 
Check 
mode 
of module. 
If 
; set up to receive 
negative 
RCV 
START ° ; edges, 
then 
module 
- 
is-waiting 
for a start 
bit 


CLR 
C 
MOV 
A, 
tHALF 
BIT 
LOW 
ADD 
A, CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
tHALF 
BIT HIGH 
ADDC 
A, CCAPOH 
- 
MOV 
CCAPOH, 
A 
MOV 
CCAPMO, 
is W TIMER 
POP 
PSW 
- - 
POP ACC 
RETI 


Update 
compare/capture 
registers 
for half 
bit 
time 
to sample 
start 
bit 
Half 
bit 
time 
= 
l15H 


Reconfigure 
module ° as 
a software 
timer 
to sample 
bits 


RCV 
START 
0: CJNE 
A, 
tS_W_TIMER, 
ERROR ° ; Check 
module 
is 
; configured 
as a software 
; timer, 
otherwise 
error. 
JB RCV 
START 
BIT_O, 
RCV 
BYTE ° ; Check 
if start 
bit 
- 
is received 
yet. 
JB Pl.3, 
ERROR_O 
Check 
that 
start 
bit 
= 0, 
otherwise 
error. 
SETB 
RCV_START 
BIT ° 
Signify 
valid 
start 
bit 
was 
received 
MOV 
RCV_COUNT_O, 
t09H 
Start 
counting 
bits 
sampled 


CLR 
C 
MOV 
A, 
tFULL 
BIT 
LOW 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
iFULL 
BIT 
HIGH 
ADDC 
A, 
CCAPOH 
- 
MOV 
CCAPOH, 
A 
POP 
PSW 
POP ACC 
RETI 


Update 
compare/capture 
registers 
to sample 
incoming 
bits 
Full bit 
time 
= 22CH 


inter 


The next 8 timer interrupts will receive the incoming data bits; the RCV_COUNT 
register keeps track of how many 
bits have been sampled. As each bit is sampled, it is shifted through the Carry Flag and saved in RCV_REG. 
The 
ninth sample checks the validity of the stop bit. If it is valid, the data byte is moved into RCV~UF. 


The main routine must have a way to know that a byte has been received. With the on-chip UART, the RI (Receive 
Interrupt) bit is set whenever a byte has been received. For the software serial port, any unimplemented interrupt 
vector can be used to generate an interrupt when a byte has been received. This routine uses the Timer 1 Overflow 
interrupt (its selection is arbitrary). A routine to test this interrupt is included in the listing in the Appendix. 


RCV 
BYTE 
0: DJNZ 
RCV 
COUNT 
0, RCV 
DATA ° ; On 
9th sample, 
; check 
for valid 
stop bit 
RCV 
STOP 
0: JNB 
Pl.3, 
ERROR ° 
MOV 
RCV_BUF_O, 
RCV_REG_O 


SETB RCV 
DONE ° 


MOV 
CCAPMO, 
.NEG_EDGE 


POP 
PSW 
POP ACC 
RETI 


RCV 
DATA 
0: MOV 
C, Pl.3 
- MOV 
A, RCV 
REG ° 
RRC A 
-- 
MOV 
RCV_REG_O, 
A 


CLR 
C 
MOV A, 
.FULL_BIT 
LOW 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV A, 
.FULL 
BIT 
HIGH 
ADDC 
A, CCAPOH 
- 
MOV 
CCAPOH, 
A 
POP 
PSW 
POP ACC 
RETI 


; Save 
received 
byte 
in 
receive 
"SBUF" 
Flag 
which 
module 
received 
a byte 
Generate 
an interrupt 
so 
main 
program 
knows 
a byte 


has been 
received 
(Note: selection 
of TFl 
is 
arbitrary) 
Reconfigure 
module ° for 
Reception 
of a start 
bit 


Sampling 
data 
bits 
Shifts 
bits 
thru 
CY 
into 
ACC 
Save each 
reception 
in 
temporary 
register 
Update 
c/c 
register 
for 
next 
sample 
time 


In addition, an error routine (Listing 3.3) is included for invalid start or stop bits to offer some protection against 
noise. If an error occurs, the module is re-initialized to look for another start bit. 


ERROR 
0: 
MOV 
CCAPMO, 
'NEG 
EDGE 


CLR 
RCV_START_BIT_O 


POP 
PSW 
POP 
ACC 
RETI 


Reset 
module 
to 
look 
for 
start 
bit 
Clear 
flags 
which 
might 
have 
been 
set 


Another PCA module is configured as a software timer to interrupt the CPU every bit time. With each timer 
interrupt one or more bits can be transmitted through port pins. In the test program three channels were operated 
simultaneously, but in the listings below, one channel is shown for simplicity. The selection of port pins is user 
programmable. The flowchart for the transmit routine is given in Figure 2. 


When a byte is ready to be transmitted, the main program movesthe data byte into the TXM_BUF 
register and sets 


the corresponding T~INJROGRESS 
bit. This bit informs the interrupt routine which channel is transmit- 


ting. The data byte is then moved in the storage register TXM_REG, 
and the TXM_COUNT 
is loaded. This main 
routine is shown in Listing 4.1. 


TXM 
ON 
0: CLR 
TXM_START_BIT_O 


MOV 
TXM BUF 
0, DATA 
0 
MOV 
TXM-REG-O, 
TXM BUF 
0 
MOV 
TXM-COUNT 
0, t09 
- 
SETB 
TXM_IN_PROGRESS 
0 


Clear 
status 
flag 
from 
previous 
transmission 
Load 
"SBUF" 
with 
data 
byte 


8 data 
bits 
+ 1 stop bit 


• 


inter 


Listing 4.2 shows the transmit interrupt routine. The first time through, the start bit is transmitted. 
As each 
successive interrupt outputs a bit, the contents of TXM_REG 
is shifted right one place into the Carry flag, and the 


T~COUNT 
is decremented. When TXM_COUNT 
equals zero, the stop bit is transmitted. 


TRANSMIT: 
PUSH 
ACC 
PUSH 
PSW 
CLR 
CCF3 
; Clear 
s/w timer 
interrupt 
; for transmitting 
bits 
TRANSMIT 
1 ; Check 
which 
; channel 
is transmitting. 
; "TRANSMIT 
1" is listed 
in 
; the Appendix 


TXM BYTE ° ; 
If start 
bit 
has 
been 
sent, 
continue 
transmitting 
bits. 
Otherwise 
transmit 
start 
bit 
Signify 
start 
bit 
sent 


TXM BYTE 
0: DJNZ 
TXM COUNT_O, 
TXM DATA ° ; 
If bit 
count 
equals 
1 thru 
9, transmit 
data bits 
(8 total) 


TXM DATA 
0: MOV A, 
TXM REG ° 
-RRCA 
-- 
MOV 
P3.2, 
C 
MOV 
TXM REG_O, 
A 


TXM_EXIT: 
CLR 
C 
MOV A, 
'FULL_BIT 
LOW 
ADD 
A, 
CCAP3L 
MOV 
CCAP3L, 
A 
MOV A, 
'FULL 
BIT 
HIGH 
ADDC 
A, CCAP3H 
- 
MOV 
CCAP3H, 
A 
POP 
PSW 
POP 
ACC 
RETI 


When 
bit 
count 
= 0, 
transmit 
stop bit 
Indicate 
transmission 
is 
finished 
and ready 
for 
next byte 


Transmit 
one bit 
at a time 
through 
the 
carry 
bit 


The software routines in the Appendix can be altered to vary the baud rate and number of channels to fit a particular 
application. The number of channels which can be implemented is limited by the CPU time required to service the 
PCA interrupt. At higher baud rates, fewer channels can be run. 


The test program verifies the simultaneous operation of three half-duplex channels at 2400 Baud and the on-chip 
full-duplex channel at 9600 Baud. Thirty-three percent of the CPU time is required to operate all four channels. The 
test was run for several hours with no apparent malfunctions. 


DOS 3.20 
(038-N) 
MCS-51 MACROASSEMBLER, V2.2 
OBJECT MODULEPLACED IN SWPORT.OBJ 
ASSEMBLERJNVOKEDBY: 
C: \AEDJT\ASM51. EXE SWPORT.Rev 


0000 
0000 
020036 


OOIB 
OOIB 02025C 


0023 
0023 
020282 


0033 
0033 
0200DC 


SOURCE 


$NOMOD51 
$NOSYMBOLS 
$NOLJST 


f~~:eP~~Y~~~u~i:;S 
c~~~n~!;e~~: 
f~~I~:~t~a 
ins~~~~:~~e 
s~~i~~nP~~t. 
2400 Baud 
(l6MBz). 
The on-chip 
serial 
fort 
is 
also 
running 
ful1-duplex 
:h9~g~r B~~~ts 
i~~m;~~~~;I~:rcent 
of 
he CPU time 
is 
required 
to 
run 


To test 
the 
receive 
routines, 
Wdummy· 
terminals 
transmit 
00 - FF hex 
continually 
to the 
peA. 
When the 
flIst 
byte 
is 
received, 
it is 
r~~:~:~t:a 
t~nSOthe I~o~~!n~o:~t~~S~~ 
~:c:r~~dth;h~e;~mb~~:. 
va~~~o;s 
routine3 
toggle 
various 
Port 3 pins 
if an invalid 
comparison occurs 
; or if an invalid 
start 
bit 
or stop bit 
is received. 


ORG OOH 
LJHP JNJTJALJZE 


6RG OOIBH 
LJHP RECEJVE_DONE 
Timer 
I Overflow 
- 
simulates 
"RI" interrupt 


6RG 0023H 
LJHP SERIAL_PORT 


ORG 0033H 
LJHP RECEJVE 


Serial 
port 
interrupt 


PCA interrupt 


kev 
START BIT 0 
RCV-STARTllIT-I 
RCV:STARTJ!IT:2 


kev DONE 0 
RcrDONE-I 
RcrDONE-2 


kcv-oN 
0- 
RcrON-I 
RCV:0N:2 


20H.0 
21H.0 
22H.0 


20H.I 
2IH.I 
22H.I 


20H.2 
21H.2 
228.2 
I 


LOC 
08J 


0067 
C209 
0069 
C211 


0068 
C202 
0060 
C20A 
006F 
C212 


0071 
0282 
0073 
0283 
0075 
02M 


0077 
0285 
0079 
0286 
0078 
0287 


0070 
753000 
0080 
754000 
0083 
755000 


0086 
753200 
0089 
754200 
008C 755200 


008F 
753100 
0092 
754100 
0095 
755100 


0098 
753300 
0098 
754300 
009E 
755300 


OOAI 300209 
OOM E530 
00A6 8533IE 
00A9 C202 
OOAD0533 


OOAO300A09 
0080 
E540 
0082 
854319 
0085 
C20A 
0087 
0543 


0089 
3012E5 
008C E550 
OOBE B55314 


CLR RCV DONE I 
CLR RCV::OONE::2 


CLR RCV ON 0 
CLR Rev-Olrl 
CLR Rcv::0n::2 


Port 3 pins 
used in test 
program for error 
routines 


Error in comparison 
on module 0 
Error in comparison 
on module 1 
Error in comparison 
on module 2 


Error in reception 
on module 
Error in reception 
on module 
Error in reception 
on module 


Main program: 
SETB P3.2 
SETB P3.3 
SETB P3.4 


Interrupt 
rout~~i~:P3. 5 
SETB P3.6 
SETB P3.7 


MOVRCV BUF 0, 
'OOH 
MOVRev-Burl, 
'OOH 
MOVRCV::BUr::2, 
'OOH 


MOVRCV COUNT 0, 
'OOH 
MOVRev-COUNrl, 
'OOH 
MOVRCV::COUNT:2, 
'OOH 


MOVRCV REG 0, 
'OOH 
MOVRev-REG-I, 
'OOH 
MOVRcv:REG:2, 
'OOH 


MOVCOUNT 0, 
'OOH 
MOVCOUNT-I, 
'OOH 
MOVCOUNr:2, 
'00 H 


JNB RCV ON 0, 
CHECK I 


~~AA.R~¥FU~ 
E~ORO 
CLR RCV ON 0 - 
IRC COOllT_U 


~~ 
~;V Rg}ibr 
C~ECK_2 
CJHE A, 
COUNTT, 
ERRORI 
CLR RCV ON I - 
INC COONT_T 


JHB RCV ON 2, 
CHECK 0 
MOVA, RCV-BUF 2 
- 
CJHE A, 
COUNT_:z, 
ERROR2 
I 


MCS-51 
MACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


00C1 
C212 
309 
00C3 
0553 
310 
00C5 
BOOA 
311 
312 
ERRORO: 
00C7 
C2B2 
313 
00C9 
750AOO 
314 
OOCC BOOF 
315 
316 
ERROR1: 
OOCE C2B3 
317 
0000 
750BOO 
318 
0003 
80E4 
319 
320 
ERROR2: 
0005 
C2B4 
321 
0007 
750COO 
322 
OOOA 80C5 
323 
324 
; 
325 
; 
326 
, 
327 
; 
328 
, 
329 
kECEIVE: 
OOOC COEO 
330 
OOOE CODO 
331 
332 
OOEO 200811 
333 
00E3 
200908 
334 
00E6 
200A08 
335 
00E9 
0000 
336 
I\) 
OOEB ODED 
337 
N 
ODED 32 
33B 
c.J 
339 
JUMP 1: 
~ 
OOEE 02016C 
340 
00F1 
0201E4 
341 
JUHP:2: 
342 
343 
344 
345 
346 
347 
MOOULE_O: 
00F4 
C208 
348 
00F6 
E50A 
349 
OOFB 541F 
350 
OOFA B41115 
351 
352 
oom C3 
353 
OOFE 7415 
354 
0100 
25EA 
355 
0102 
F5EA 
356 
0104 
7401 
357 
0106 
35FA 
35B 
0108 
F5FA 
359 
010A 
75DA49 
360 
361 
0100 
DODO 
362 
010F 
OOEO 
363 


CLR RCV ON 2 
INC COUNT Z 
JHP CHECK:O 


CLR P3.2 
~ g~~~~~\ 


CLR P3.3 
MOVCCAPM1, 'DOH 
JHP CHECK_' 


CLR P3.4 
MOVCCAPM2 
6 
'OOH 
JHP CHECK_ 


PUSH ACC 
PUSH PSW 


JB CCFO, MODULE0 
JB CCF1, 
JUMP 1- 
JB CCF2, 
JUHP-2 
POP PSW 
- 
POP ACC 
RETI 


LJHP MODULE1 
LJHP MODULE:2 


CLR CCFO 
MOVA, 
CCAPMO 
ANL A, 
'01111111B 
CJNE A, 
'NEG_EDGE, 
RCV_START_O 


CLR C 
MOVA, 
'HALF BIT 
LOW 
~e~I:S~r'°f- 
HOV Al 
'HALF 
BIT 
HIGN 
ADDC A, 
CCAPOH 
- 
MOVCCAPOH/ A 
MOVCCAPMO, 'S_W_T1HER 


POP PSW 
POP ACC 


Check 
which 
""dule 
caused 
PCA interrupt 
and 
jUlllP 
to 
appropriate 
routine 


~~;~rt~~e 
ogfJllO~~!e~ 
If 
set 
up 
to 
receive 
negative 
edges, 
then 
JIlOdule 
is 
••aiting 
for 
a start 
bit 


~~1t: 
~np~r~caPture 
registers 
for 


~~l~a~f~e 
tr~r~ 
mN 


-- 


MCS-SI MACROASSEMBLER 
SWPORT 
01/01/80 
PAGE 
5 
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LOC 
OBJ 
LINE 
SOURCE 


Olll 
32 
364 
RETI 
365 
Rev START 0: 
Oll2 
B4494B 
366 
CJNE A, 
'S_W_TIMER, 
ERROR_O 
Check 
module 
is 
configured 
367 
- 
- 
as a software 
timer, 
otherwise 
error. 


OllS 
2000110 
368 
JB RCV_START_BIT_O, RCV_BYTE_O 
Check 
if 
.tart 
bit 
369 
has been received 
fet 
Oll8 
209345 
370 
JB Pl. 3, 
ERROR_0 
Check 
that 
start 
blt 
• 
0, 
371 
otherwise 
error. 


OllB 
0200 
372 
SETB RCV START BIT 0 
Signify 
valid 
start 
bit 
373 
- 
- 
- 
vas received 
OllO 
753209 
374 
MaV RCV_COUNT_O, '09H 
Start 
counting bits 
sampled 
375 
; 


0120 
C3 
376 
CLR C 
; Update C/C 
registers 
to sample 
0121 
142C 
377 
MaV A, 
'FULL 
BIT LOW 
; ~~r~m~n ~t~. 22CH 
0123 
2SEA 
378 
~ge~~A~ij~of 
- 
012S FSEA 
379 
0127 
1402 
380 
~g~cAA 'mMIT_HIGH 
0129 
3SFA 
381 
012B F5FA 
382 
MOVCCAPOH, A 
0120 
0000 
383 
POP PSW 
012F 
DOEO 
384 
POP ACC 
0131 
32 
385 
RETI 
386 
kcv BYTE 0: 
0132 
053212 
387 
OJNZ RCV_COUNT_O, RCV_OATA_O 
; On 9th 
.ample, 
check 
for 
388 
- 
- 
; valid 
.top 
bit 
013S 
309328 
389 
RCV STOP 0: 
~~ ~~v 
3BU~R~?RRg,. REG 0 
0138 
853130 
390 
- 
- 
~it~;;~~~~v=;der;e 
r~gef~~~i:eb;~~UF· 
013B 0201 
391 
SETB RCV OORE 0 
- 
- 


I I 
:. 
I\) 


I 


0130 
028F 
392 
SETB TFl- 
- 
; Generate 
an interrupt 
!o main program 
N 
393 
; ~~g;t 
a s~r~~t~~~ 
~1e~Fn:i~~gitrary) 
OJ 
c.J 
394 
• 
01 
Ol3F 
7S0All 
395 
MOVCCAPMO, 'NEG EDGE 
; Reconfigure 
module 0 for 
next 
•• 
0142 
0000 
396 
POP PSN 
- 
; reception 
of a start 
bit 
..•. 


0144 
00 EO 
397 
POP ACC 
014 6 32 
398 
RETI 
399 
~CV DATA 0: 
0147 
10293 
400 
HaV C, 
Pl. 3 
; ~giW~£t~afgr~~~h 
CY into 
ACC 
0149 
E531 
401 
- 
- 
MOVA, RCV REG 0 
014B 13 
402 
RRC A 
-- 


014C F531 
403 
MOVRCV_REG_O, A 
; Save each reception 
in temporary 
404 
; register 
014E C3 
405 
CLR C 
014F 
142C 
406 
MOVA, 
'FULL BIT LON 
; Update 
CIC 
register 
for 
next 
OISI 
2SEA 
407 
~e ~1:A~ijtPOf 
- 
; sample time 
0153 
F5EA 
408 
015S 
1402 
409 
MOVA, 
'FuLL 
BIT HIGH 
0157 
35FA 
410 
AOOCA, CCAPOH - 
0159 
FSFA 
HI 
MOVCCAPOH, A 
015B 0000 
412 
POP PSN 
OISO OOEO 
413 
POP ACC 


OISF 32 
414 
RETI 
415 
ERROR 0: 
0160 
C2BS 
416 
CLR P3.S 
i Error routine 
for 
invalid 
start 
or 


417 
- 
; stop 
bit 
or invalid 
mode comparison 


270531-15 
I 


•• 
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418 
; Port pin used 
for debuq only 
0162 
750All 
419 
~~~ ~W~~AR~N~YT EgGE 
; Reset 
module to look 
for 
start 
bit 
0165 
C200 
420 
; 
Clear 
flag. 
which 
might 
have 
been 
.et 
m~ 8m- 


421 
POP PSI(" 
- 
- 
422 
POP ACC 
016B 32 
423 
RETI 
424 
; 


425 
; 


426 
, 
CHANNEL1 
427 
, 
--------- 
428 


~ODULE 1: 
016C C209 
429 
CLR CCFI 
; 
Similar 
to 
module 
0 
016E E50B 
430 
- 
HOV A, CCAPMl 
0170 
547F 
431 
mlA, 'nM~~Mt 
RCV_START_1 
0172 
B41115 
432 
433 
; 


0175 
C3 
434 
CLR C 
0176 
7415 
435 
MOVA, 
I HALF BIT LOW 
0178 
25EB 
436 
~~ 
~1:A~W1~ 
- 
017A F5EB 
437 
017C 7401 
438 
MOVA, 
IHALF BIT HIGH 
017E 
35FB 
439 
~g~C~APr~~rH 
- 
0180 
F5FB 
440 
0182 
750B49 
441 
~g~~~~PH1, 
IS_W_TlHER 
0185 
0000 
442 
0187 
OOEO 
443 
POP ACC 
0189 
32 
444 
RETI 
I\) 


I 


445 
RCV START 1: 
018A B4494B 
446 
CJNE A, 
IS W TIMER, 
ERROR 1 
N 
0180 
20081A 
447 
- 
- 
JB RCV STARTIlIT 
1, 
RCV_BYTE_1 
(,.) 
0190 
209445 
448 
JB Pl.l, 
ERROR_1- 
m 
449 
; 


0193 
0208 
450 
SETB RCV START BIT 
1 
0195 
754209 
451 
HOV RCV}:OUNT_T, 
la9H 
452 
; 
0198 
C3 
453 
CLR C 
0199 
742C 
454 
HOV A, 
IFULL BIT LOW 
019B 25EB 
455 
~z 
~t.Jrr1~ 
- 
0190 
F5EB 
456 
019F 
7402 
457 
HOV A, 
IFULL BIT HIGH 
01AI 
35FB 
458 
~gzcchp r~~rH 
- 
0lA3 
F5FB 
459 
0lA5 
0000 
460 
POP PSW 
01A? OOEO 
461 
POP ACC 
01A9 32 
462 
RETI 
463 
RCV BYTE 1: 
OIM 
054212 
464 
OJNZ RCV_COUNT_I, RCV_OATA_I 
465 
- 
- 


OIAD 309428 
466 
RCV STOP 1: 
JNB PI. 4, 
ERROR 1 
01BO 854140 
467 
- 
- 
MOVRCV BUF I, 
RCV REG 1 
0lB3 
0209 
468 
SETB RCV OORE I 
- 
- 


0lB5 
028F 
469 
SETB TFl- 
- 
0lB7 
750Bll 
470 
HOV CCAPHI, 
INEG EDGE 
01BA 0000 
471 
POP PSW 
- 
OIBC DOEO 
472 
POP ACC 


270531-16 


MCS-51 
MACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


OIBE 32 
473 
414 
ReV_DATA_l: 
OIBF A294 
415 
m! tj41 
416 
411 
0lC4 
F541 
418 
419 
0lC6 
C3 
480 
0lC1 
142C 
481 
0lC9 
25EB 
482 
OICB F5EB 
483 
OICD 1402 
484 


..oICF 35FB 
485 
0101 
F5FB 
486 
0103 
DODO 
481 
0105 
ODED 
488 
0101 
32 
489 
490 
ERROR_l : 
0108 
C2B6 
491 
OIOA 150B11 
492 
DIDO C20B 
493 
OIOF DODO 
494 
OIEI 
ODED 
495 
01E3 
32 
496 
491 
498 
499 


I\) 
500 
N 
SOl 
, 
502 
; 
c.> 
503 
--oJ 
01E4 
C20A 
504 
KOOULE_2: 
01E6 
E5DC 
505 
0lE8 
541F 
506 
OlEA B41115 
501 
508 
OlEO C3 
509 
OIEE 1415 
510 
OIFO 25EC 
511 
0lF2 
F5EC 
512 
0lF4 
1401 
513 
01F6 
35FC 
514 
0lF8 
F5FC 
515 
OIFA 150C49 
516 
OIFO DODO 
511 
01FF 
OOEO 
518 
0201 
32 
519 
520 
RCV_START_2: 
0202 
B4494B 
521 
0205 
2010lA 
522 
020B 
209545 
523 
524 
020B 
0210 
525 
0200 
155209 
526 
521 


RETI 


MOVC, 
Pl. 
4 
~~ 
~' 
RCV_REG_ 


MOV RCV_REG_I, 
A 


CLR C 
MOVA, 
'FULL 
BIT LOW 
~g~~I:A~i~I~ 
- 
MOVAt 
'FuLL 
BIT HIGH 
AOOC A, CCAPIH 
- 
MOVCCAPIH, 
A 
POP PSW 
POP ACC 
RETI 


CLR P3.6 
HOV CCAPMI, 
'NEG EDGE 
CLR RCV START BIT 
1 
POP PSW- 
-- 
POP ACC 
RETI 


CLR CCF2 
MOVA, 
CCAPM2 
ANL At 
,01111111B 
CJNE A, 
'NEG_EOGE, 
RCV_START_2 


CLR C 
MOVA, 
'HALF 
BIT LOll 
ADD A, 
CCAP2L 
- 
MOV CCAP2L, 
A 
MOVA, 
'HALF 
BIT HIGH 
ADDC A, 
CCAPZH 
- 
MOVCCAP2H, 
A 
~g~~~~PM2, 
'S_W_TIMER 


POP ACC 
RETI 


CJNE A, 
'S 
W TIMER, 
ERROR 2 
JB RCV START-BIT 
2, 
RCV BYTE 2 
JB Pl.5, 
ERROR_2- 
- 
- 


SETB RCV START BIT 
2 
HOV RCV_COUNT_Z, 'U9H 
I 


LOC 
OBJ 


0210 
C3 
0211 
742C 
0213 
25EC 
0215 
F5EC 
0217 740t 
0219 
35FC 
021B F5FC 
0210 
0000 
021F 
OOEO 
0221 
32 


0222 
055212 


0225 
309528 
0228 
855150 
022B 0211 
0220 
028F 
022F 
75DCll 
0232 
0000 
0234 
DOEO 
0236 
32 


0237 
A295 
0239 
E551 
023B 13 
023C F551 
023E 
C3 
023F 
742C 
0241 
25EC 
0243 
F5EC 
0245 
7402 
0247 
35FC 
0249 
F5FC 
024B 0000 
0240 
OOEO 
024F 
32 


0250 
C2B7 
0252 
750Cll 
0255 
C210 
0257 
0000 
0259 
OOEO 
025B 
32 


025C COEO 
025E 
COOO 
0260 
C28F 


RCV BYTE 2: 


b=STOP=2: 


CLR C 
HOV A, 
tFULL BIT LOW 
~g~~cJ~~2~- 
MOVAs. tFuLL 
BIT HIGH 


~~ 
CCAP~i~IH 
- 
POP PSW 
POP ACC 
RETl 


OJllZ RCV_COUNT_2, RCV_OATA_2 


JIlB PI. 5, 
ERROR 2 


~~¥B RrCVBg~Il~' 2RCV_REG_2 


SETB TFl- 
- 
MOVCCAPM2, tNEG EDGE 
POP PSW 
- 
POP ACC 
RETI 


MOVC, 
PI.S 
HOV A, 
RCV REG 2 
RRC A 
-- 
MOVRCV REG 2, 
A 
CLR C 
- 
- 
MaV A, 
tFULL BIT LOW 
~g~~I:J~~2~ - 
MOVAs. 'FuLL 
BIT HIGH 


~~CCAP~i~IH 
- 
POP PSW 
POP ACC 
RETI 


CLR p3.7 


~~ 
~W~~AA~N~~TE~GE 
POP PSW- 
-- 
POP ACC 
RETI 


~ This 
routine 
simulates 
the 
'RI' 
interrupt. 
Whena byte 
is 
received 
on one 
; of the channels, 
this 
interrupt 
is generated. 
Bits are .et 
so the main 
~ routine 
knows wnich channel 
received 
a byte. 


~CEIVE_OONE: 
PUSH ACC 
PUSH PSW 
CLR TFl 


LOC 
OBJ 


0262 
300106 
0265 
C201 
0267 
C200 
0269 
0202, 


026B 
300906 
026E 
C209 
0270 
C208 
0272 
D20A 


0214 
301106 
0217 
C211 
0219 
C210 
021B 
0212 


0270 
DODO 
021F 
DOEO 
0281 
32 


0282 
COEO 
0284 
CODO 
0286 
30980B 
0289 
E599 
028B C298 
0280 
F599 
028F 
DODO 
0291 
DOEO 
0293 
32 


0294 
C299 
0296 
DODO 
0298 
DOEO 
029A 
32 


JNB RCV DONE 0, 
RCV I 
CLR RCV-DONE-O 
- 
CLR RCV-START BIT 
0 
SETB RCV_ON_O- 
- 


JNB RCV DOllE I, 
RCV 2 
CLR RCV-DONE-I 
- 
CLR RCV-START BIT 
I 
SETB RCV_ON_I- 
- 


JNB RCV DONE 2, 
RETURN 
CLR RCV-DONE-2 
CLR Rev-START 
BIT 
2 
SETB RCV_ON_r 
- 


POP PSW 
POP ACC 
RETI 


Check which module received 
a byte 
Clear flags 
needed for next reception 


Tell 
main routine 
which channel 
received 
• byte 


REGISTER BANK(5 I USED: 0 


ASSEMBLY COMPLETE, NO ERRORS FOUND 


PUSH ACC 
PUSH PSH 
JNB RI, 
TXM 
~~~ 
~ISBUF 
MOV SBUF, A 
POP PSW 
POP ACC 
RETI 


CLR TI 
POP PSW 
POP ACC 
RETI 


I 


DOS 3.20 
(038-N) 
HCS-51 
MACROASSEMBLER, V2.2 
OBJECT MODULEPLACED IN SWPORT.OBJ 
ASSEMBLER INVOKED BY: 
C: lAEDITIASM5J. 
EXE SWPORT.TR 


0000 
0000 
020036 


0023 
0023 
02014B 


0033 
0033 
020000 


SOURCE 


} 
NOMOD51 
NOSYMBOLS 
NOLIST 


i~ifnr~~~It~e 
t~g;sfi~;tt~~~~~~is;ig~~n~~e 
f~~m~~~e 
S~:t~:;e 
a~:[f~~d~dr~efore 
the 
peA timer is started. 
Successive 
interrupts 
are generated every bit 
time 
by the software 
timer. 


For test 
purposes, 
the data transmitted 
increments 
from 00 to FF hex. 


'Dummy' termInals 
receive 
these 
bytes 
and display 
the bytes 
as they 
are incremented. 


ORG 008 
LJMP INIT_TXM 


ORG 00238 
LJHP SERIAL PORT 


bRG 00338 
- 
LJHP TRANSMIT 


+XM START BIT 0 
BIT 
208.3 
Indicates start 
bit 
has been 
TXIlSTARTIIIT-I 
BIT 
218.3 
transmitted 
TXICSTAR~BIT:2 
BIT 
228.3 


TXM I N PROGRESS 0 
BIT 
208.4 
Indicates 
transmit 
is 
in 
proqress 
TXIlI Nl'ROGRESS-I 
BIT 
218.4 
TXICI N:PROGRESS:2 
BIT 
228.4 


TxM Bur 
0 
DATA 
348 
Software 
transmit 
'saur' 
TXIlBUr-1 
DATA 
448 
TXICBUr:2 
DATA 
548 


TxM REG 0 
DATA 
35H 
r~:~~~t£ri~;9~r~:r 
for 
TXIlREG-I 
OATA 
458 
TXICREG:2 
DATA 
558 


TxM COUNT 0 
DATA 
368 
Counter for transmitting 
bits 
TXIlCOUNT-l 
DATA 
468 


TXM:COUNT:2 
DATA 
568 


DATA 0 
DATA 
378 
Register 
used for the test 


DATA:I 
DATA 
478 
program 


MCS-51 MACROASSEMBLER 
SWPORT 
01/01/80 
PAGE 


LOC 
08J 
LINE 
SOURCE 


0057 
199 
OATA_2 
DATA 
57H 
200 
S_W_TIMER 
0049 
201 
EOU 
49H 
Software 
timer 
mode 
for 
the 


202 
~~rfab!fc~f~r~~g~le 
002C 
203 
FULL BIT 
LOW 
EOU 
2CH 
0002 
204 
FULL=:BIT=:HIGH 
EOU 
02H 
2400 
Baud 
at 
16 MHz 


205 
206 
207 
INITIALIZATION 
208 
============== 


209 
iNIT_TXM: 
0036 
75815F 
210 
MOV Sf, 
'5FH 
(Compatible 
with 
receive 
routines) 
211 
0039 
750900 
212 
MOVCMOO, 'OOH 
Increment 
PCA timer 
@ 
1/12 
ose. 
freq. 


003C 750800 
213 
::g~~~?N'O~~OH 
Clear 
all 
status 
flags 


003F 
75F900 
214 
0042 
75E900 . 
215 
HOV CL, 
'OOH 
0045 
750049 
216 
HOV CCAPM3, 'S_W_TIHER 
Module 3 configured 
as software 
timer 
217 
0048 
75A808 
218 
MOVIE, 
'008H 
Initialize 
all 
needed interrupts 
_ 


219 
004B 
759850 
220 
INIT_SP: 
::g~~m~H~5~MFFH 
Serial 
port 
in 
mode 
1 (8-bit 
UART) 
004E 
75CBFF 
221 
Reload 
values 
for 
9600 
Baud 
@ 
16 MHz 
0051 
75CACC 
222 
HOV RCAP2L, 
'OCCH 
N 
0054 
75C834 
223 
HOV TlCON, 
'34H 
Timer 2 as a baud-rate 
generator, 
ro 
224 
turn 
Timer 
2 on 
~ 
225 
iNIT]LAGS: 
0057 
C203 
226 
CLR TXM START BIT 
0 
0059 
C20B 
227 
CLR TXIlSTART-BIT-I 
005B C213 
228 
CLR TXH=:START=:BIT=:2 
229 
0050 
C204 
230 
CLR TXM IN PROGRESS 0 
005F 
C20C 
231 
CLR TXIlINl'ROGRESS-I 
0061 
C214 
232 
CLR TXH=:IN~ROGRESS=:2 
233 
0063 
753400 
234 
HOV TXM BUF 0, 
'OOH 
0066 
754400 
235 
HOV TXIlBUF-I, 
'OOH 
0069 
755400 
236 
HOV TXH=:BUF=:2, 'OOH 
237 
006C 753500 
238 
MOVTXM REG 0, 
'OOH 
006F 
754500 
239 
HOV TXIlREG-I, 
'OOH 
0072 
755500 
240 
HOV TXH=:REG=:2, ,OOH 
241 
0075 
753600 
242 
HOV TXM COUNT 0, 
'OOH 
0078 
754600 
243 
MOVTXIlCOUNT-I, 
'00 H 
007B 
755600 
244 
HOV TXH=:COUNT=:2,'00 H 
245 
007E 
7537FF 
246 
HOV DATA 0, 
'OFFH 
0081 
7547FF 
247 
HOV DATA-I, 
'OFFH 
0084 
7557FF 
248 
HOV OATA::2, 'OFFH 
249 
0087 
75E02C 
250 
HOV CCAP3L, 
'2CH 
Cause the 
first 
software 
timer 
to 
008A 
75F002 
251 
HOV CCAP3H, '02H 
interrupt 
one bit time after 
0080 
020E 
252 
SETB CR 
PCA timer 
is 
started 
253 
270531-21 
I 


MCS-51 HACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


254 
; 
255 
, 
256 
; 
251 
FIRST_TXM: 
008F 
020090 
258 
259 
~IN_TXM: 
0092 
300408 
260 
0095 
300CI6 
261 
0098 
301424 
262 
009B 8oF5 
263 
264 
; 


265 
TxM_ON_O: 
0090 C203 
266 
009F 
0531 
261 
001.1 853134 
268 
001.4 853435 
269 
001.1 153609 
270 
OOM 0204 
211 
OOAC80E4 
212 
213 
TXM_ON 
001.£ C20B 
214 
-I: 


OOBlt 0541 
215 
00B2 854144 
216 


I\) 
00B5 854445 
211 
00B8 154609 
218 
N 
OOBB020C 
219 
~ 
OOBO8003 
280 
I\) 
281 
OOBF C213 
282 
TxM_ON_2: 
OOCI 0551 
283 
00C3 855154 
284 
00C6 855455 
285 
00C9 155609 
286 
OOCC0214 
281 
OOCE 80C2 
288 
289 
290 
; 


291 
; 


292 
, 
293 
TRANSMIT: 
0000 
COEO 
294 
0002 
COOO 
295 
0004 
C20B 
296 
0006 
30041E 
291 
298 
299 
300 
301 
302 
0009 
200301 
303 
TRANSMIT_0: 
304 
OODCC2B2 
305 


OOOE0203 
306 
OoEO 0200n 
301 
308 


JMP TXM_ON_O 


JNB TXM IN PROGRESS 0, 
TXM ON 0 ; Determine 
if 
ready 
to 
send 
JNB TXIlINl'ROGRESS-I, 
TXIlON-I 
; next 
byte. 
(Le. 
transmit 


~ 
~fR~~~ROGRESS::2, 
TXM::0W::2; ;~~~;n~n 
fg~o~i1~Shag 


CLR TXMSTART BIT 0 
INC DAn 
0 
- 
- 
MOVTXMBUF 0, 
DATA0 
MOVTXIlREl>O, 
TXMBUF 0 
MOVTXIlCOURT 0, 
'09H 
- 
SETB TXII I N PROGRESS0 
JMP HAlryXIl 
- 


CLR TXMSTART BIT I 
INC OATl! I 
- 
- 
MOVTXMBUF I, 
DATAI 
MOVTXtrREl>I, 
TXMBUF I 
MOVTXIlCOURT I, 
,09H - 


SETB TXII IN PROGRESS I 
JMP HAlryXIl 
- 


CLR TXMSTART BIT 2 
INC OATl! 2 
- 
- 


MOVTXMBUF 2, 
DATA2 
MOVTXtrREl>2, 
TXMBUF 2 


~~B Trx;C~~R~~~H 
2- 


JMP HAlryXIl 
- 


~~:~;mf;:?o~rom 
previous 


Load 
'SBUF' 
vith 
data 
byte 


8 data 
bits 
• 
I stop 
bit 


PUSH ACC 
PUSH PSW 
CLR CCF3 
; Clear 
slv 
tillll!r 
interrupt 
JNB TXM_IN_PROGRESS_O,TRANSNIT_I 
; Check 
vhich 
channel 
is 


transmitting 


JB TXM_START_BIT_O, TXN_BYTE_O 


CLR P3.2 
SETB TXN START BIT 0 
JMP TRANSMIT_I- 
- 


If 
start 
bi t 
has 
been 
sent, 
continue transmitting 
data bits, 
othervise 
trans"it 
start 
bit 
Signify 
start 
bit 
sent 
Check 
next 
trans"it 
pin 


MCS-51 MACROASSEMBLER 


LOC 
OBJ 
LINE 


00E3 
053607 
309 
310 
00E6 
02B2 
311 
00E8 
C204 
312 
313 
OOEA 0200F7 
314 
315 
OOEO E535 
316 
OOEF 13 
317 
OOFO 92B2 
318 
00F2 
F535 
319 
00F4 
0200n 
320 
321 
322 
323 
324 
00F7 
300CIE 
325 
OOFA 200B07 
326 
OOFO C2B3 
327 
OOFF 020B 
328 
0101 
020118 
329 
330 
0104 
054607 
331 
332 
I\) 
0107 
02B3 
333 
N 
0109 
C20C 
334 


"" 
OIOB 020118 
.335 
c.:l 
336 
OIOE E545 
337 
0110 
13 
338 
0111 
92B3 
339 
0113 
F545 
340 
0115 
020118 
341 
342 
343 
344 
345 
0118 
3014IE 
346 
OIlB 
201307 
347 
OIlE 
C2B4 
348 
0120 
0213 
349 
0122 
020139 
350 
351 
0125 
055607 
352 
353 
0128 
02B4 
354 
0121. C214 
355 
012C 
020139 
356 
357 
012F 
E555 
358 
0131 
13 
359 
0132 
92B4 
360 
0134 
F555 
361 
0136 
020139 
362 
363 


SOURCE 


TXM_BYTE_O: 


TXM_STOP_O: 


fxM_BYTE_I: 


fxM_STOP_I: 


TxM_BYTE_2: 


TXM_STOP_2: 


OJNZ TXM_COUNT_0, 
TXM_DATA_ 0 


SETB P3.2 
CLR TXM_IN]ROGRESS 
0 


JMP TRANSMIT_I 


:~ 
~' 
TXM_REG_O 


MOVP3.2 
C 
MOVTXM Iu:G 0l A 
JMP TRARSMIT_ 


JNB TXM IN PROGRESS I, 
TRANSMIT 2 
~R T~~~TART_BIT_I, 
-TXM_BYTE_I - 


SETB TXM START BIT 
1 
JMP TRANSMIT_2- 
- 


OJNZ TXM_COUNT_ I, 
TXM_OATA_I 


SETB P3.3 
CLR TXM IN PROGRESS 1 
JMP TRARSMIT_2 
- 


MOVA, 
TXM REG I 
RRC A 
-- 
::g~~~i/ 
Iu:~I. A 
JMP TRARSMIT_l 


If bit 
count equals 
1 thru 9, 
Transmit data Ilits 
(8 totall 
~~~~c~~~ 
~~~~~mis~lo~rr~s~t~i:~~g 
~~a 
t~:~t 
~~~tn~~~n~~~~ pin 


Transmit one bit 
at a time 
through the carry 
bit 


Save 
what' s not 
been 
sent 
Check next 
transmit 
pin 


JNB TXM IN PROGRESS 2, 
TXM EXIT; 
Similar 
to 
TRANSMIT_O 
~RT~~~FART_BIT_2, 
-rXM_BYTE_2 


SETB TXM START BIT 2 
JMP TXM_EXIT 
- 
- 


OJNZ TXM_COUNT_2, TXM_OATA_2 


SETB P3.4 
CLR TXM IN PROGRESS 2 
JMP TXI(EXTT 
- 


:~ 
~' 
TXM_REG_2 
::g~~~it4RE~ 2, 
A 
JMP TXI(EXIT 
I 


LOC 
OBJ 


0139 
C3 
013A 
142C 
013C 
25ED 
Ol3E 
F5ED 
0140 
1402 
0142 
35FD 
0144 
F5FD 
0146 
DODO 
0148 
ODED 
014A 
32 


014B 
COED 
0140 
CODO 
014F 
30980B 
0152 
E599 
0154 
C298 
0156 
F599 
0158 
DODO 
015A 
ODED 
015C 
32 


0150 
C299 
015F 
DODO 
0161 
ODED 
0163 
32 


SOURCE 


TXM_EXIT: 
CLR C 
MOVA, 
'FULL 
BIT 
LOW 
~ge~/;S~t~ 
3~ 
- 
MOV A, 
'FULL 
BIT 
HIGH 
AODC A, 
CCAP3H 
- 
MOV CCAP3H, 
A 
POP PSW 
POP ACC 
RETI 


,, 


~ERlAL]ORT: 


REGISTER 
BANK(SI 
USED: 
0 


ASSEMBLY COIl1'LETE, 
NO ERRORS FOUND 


PUSH ACC 
PUSH PSW 
JNB RI, 
TXM 
MOVA, 
SBUF 
CLR RI 
MOV SBUF, 
A 
POP PSW 
POP ACC 
RETI 


CLR TI 
POP PSW 
POP ACC 
RETI 


APPLICATION 
NOTE 
AP-415 
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• 
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;~ 
~~lSl,"lllllliOle \..-OunterArray (PCA) which are 
available on the 83C51FA and 83C51FB. Included are 
cookbook samples of code in typical applications to 
simplify the use of the PCA. Since all the examples are 
written in assembly language, it is assumed the reader is 
familiar with ASM51. For further information on these 
products or ASM51 refer to the Embedded Controller 
Handbook (Vol. I). 


The major new feature on the 83C51FA and 83C51FB 
is the Programmable 
Counter Array. The PCA pro- 


vides more timing capabilities with less CPU interven- 
tion than the standard timer/counters. 
Its advantages 
include reduced software overhead and improved accu- 
racy. 


The PCA consists of a dedicated timer/counter 
which 
serves as the time base for an array of five compare/ 
capture modules. Figure I shows a block diagram of 
the PCA. Notice that the PCA timer and modules are 
all 16-bits. If an external event is associated with a 
module, that function is shared with the corresponding 
Port I pin. If the module is not using the port pin, the 
pin can still be used for standard I/O. 


_______ 
.., .•.._ .•.••..•'" Y.lUlSJ.C1111il1fCU 
In 
any 


one of the following modes: 
- Rising and/or Falling Edge Capture 
- Software Timer 
- High Speed Output 
- Watchdog Timer (Module 4 only) 


- Pulse Width Modulator. 


All of these modes will be discussed later in detail. 
However, let's first look at how to set up the PCA 
timer and modules. 


The timer/counter 
for the PCA is a free-running 16-bit 
timer consisting of registers CH and CL (the high and 
low bytes of the count values). It is the only timer 
which can service the PCA. The clock input can be 
selected from the following four modes: 
- oscillator frequency 7 12 (Mode 0) 
- oscillator frequency 7 4 (Mode I) 
- Timer 0 overflows (Mode 2) 
- external input on Pl.2 (Mode 3) 


- 
16 BITS EACH - 


MODULE0 
P1.3 


MODULE I 
P1.4 


-16BITS- 


PCA TIMER/COUNTER 
MODULE 2 
P1.S 


MODULE3 
P1.6 


MODULE 4 
PI.7 


270609-1 


inter 


The table below summarizes the various clock inputs for each mode at two common frequencies. In Mode 0, the 
clock input is simply a machine cycle count, whereas in Mode 1 the input is clocked three times faster. In Mode 2, 
Timer 0 overflows are counted allowing for a range of slower inputs to the timer. And finally, if the input is external 
the PCA timer counts l-to-O transitions with the maximum clock frequency equal to '/. x oscillator frequency. 


Table 1. PCA Timer/Counter 
Inputs 


PCA Timer/Counter 
Mode 
Clock Increments 


12 MHz 
16 MHz 


Mode 0: losc / 12 
1 /Lsec 
0.75/Lsec 


Mode 1: IOSC / 4 
330 nsec 
250 nsec 


Mode 2*: Timer 0 Overflows 
Timer 0 programmed 
in: 
8-bit mode 
256/Lsec 
192/Lsec 
16-bit mdoe 
65 msec 
49 msec 
8-bit auto-reload 
1 to 255 /Lsec 
0.75 to 191 /Lsec 


Mode 3: External 
Input MAX 
0.66/Lsec 
0.50/Lsec 


Special Function Register CMOD contains the Count Pulse Select bits (CPSI and CPSO) to specify the PCA timer 
input. This register also contains the ECF bit which enables an interrupt when the counter overflows. In addition, 
the user has the option of turning off the PCA timer during Idle Mode by setting the Counter Idle bit (CIDL). This 
can further reduce power consumption by an additional 30%. 


Cr.tOD: Counter 
Mode Register 


I 
CIDL 
I 
WOTE 
1======== 
CP_S_1 
C_P_S_O 
E_C_F__ 


Address 
= 009H 
Not Bit Addressable 


NOTE: 
The user should 
write Os to unimplemented 
bits. These 
bits may be used in future 
MCS-51 
products 
to invoke 
new features, 


and in that case the inactive 
value 
of the new bit will be O. When 
read, these 
bits must be treated 
as don't-cares. 


Table 2 lists the values for CMOD in the four possible timer modes with and without the overflow iJ:lterrupt enabled. 
This list assumes that the PCA will be left running during Idle Mode. 


Table 2. CMOD Values 


PCA Count Pulse Selected 
CMODvalue 


without 
interrupt 
enabled 
with interrupt 
enabled 


Internal clock, 
Fosc/12 
OOH 
01 H 


Internal clock, 
Fosc/ 
4 
02 H 
03 H 


Timer 0 overflow 
04H 
05 H 
." 


External clock at P1.2 
06 H 
07 H 


• 


The CCON register shown below contains the Counter Run bit (CR) which turns the timer on or off. When the PCA 
timer overflows, the Counter Overflow bit (CF) gets set. CCON also contains the five event flags for the PCA 
modules. The purpose of these flags will be discussed in the next section. 


CCON: Counter Control Register 
I 
CF 
I 
CR 
1======= 
CCF4 
CCF3 
CCF2 
CCF1 
CCFO 
Address 
= OD8H 
Bit Addressable 


The PCA timer registers (CH and CL) can be read and written to at any time. However, to read the fulll6-bit 
timer 


value simultaneously requires using one of the PCA modules in the capture mode and toggling a port pin in software. 
More information on reading the PCA timer is provided in the section on the Capture Mode. 


Each of the five compare/capture 
modules has a mode register called CCAPMn (n = O,I,2,3,or 4) to select which 
function it will perform. Note the ECCFn bit which enables an interrupt to occur when a module's event flag is set. 


CCAPMn: Compare/Capture 
Mode Register 
I 
I 
ECOMn I 
CAPPn I 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 


Address 
= ODAH(n = 0) 
Reset Value = XOOOOOOOB 
ODBH(n= 1) 
ODCH(n=2) 
ODDH(n=3) 
ODEH (n=4) 


Table 3 lists the CCAPMn values for each different mode with and without the PCA interrupt enabled; that is, the 
interrupt is optional for all modes. However, some of the PCA modes require software servicing. For example, the 
Capture modes need an interrupt so that back-to-back events can be recognized. Also, in most applications the 
purpose of the Software Timer mode is to generate interrupts in software so it would be useless not to have the 
interrupt enabled. The PWM mode, on the other hand, does not require CPU intervention so the interrupt is 
normally not enabled. 


Module 
Function 
CCAPMn 
Value 


without 
Interrupt 
enabled 
with Interrupt 
enabled 


Capture Positive only 
20H 
21 H 


Capture Negative only 
10H 
11 H 


Capture Pos. or Neg. 
30H 
31 H 


Software Timer 
48H 
49H 


High Speed Output 
4CH 
4DH 


Watchdog Timer 
48or4CH 
- 


Pulse Width Modulator 
42 H 
43H 


intJ 


It should be mentioned that a particular module can change modes within the program. For example, a module 
might be used to sample incoming data. Initially it could be set up to capture a falling edge transition. Then the same 
module can be reconfigured as a software timer to interrupt the CPU at regular intervals and sample the pin. 


Each module also has a pair of 8-bit compare/capture 
registers (CCAPnH, CCAPnL) associated with it. These 
registers are used to store the time when a capture event occurred or when a compare event should occur. Remem- 
ber, event times are based on the free-running PCA timer (CH and CL). For the PWM mode, the high byte register 
CCAPnH controls the duty cycle of the waveform. 


When an event occurs, a flag in CCON is set for the appropriate module. This register is bit addressable so that event 
flags can be checked individually. 


CCON: Counter Control Register 


I 
CF 
1 
CR 
1----~-C-C-F-4- 
CCF3 
CCF2 
CCF1 
CCFO 


Address = OD8H 
Reset Value = OOXOOOOOB 
Bit Addressable 


These five event flags plus the PCA timer overflow flag share an interrupt vector as shown below. These flags are not 
cleared when the hardware vectors to the PCA interrupt address (OO33H)so that the user can determine which event 
caused the interrupt. This also allows the user to define the priority of servicing each module. 


cr~ 
ccrn ~ 
PCA INTERRUPT 


5 


An additional bit was added to the Interrupt Enable (IE) register for the PCA interrupt. Similarly, a high priority bit 
was added to the Interrupt Priority (IP) register. 


IE: Interrupt Enable Register 


I 
EA 
I 
EC 
1 
ET2 
ES 
ET1 
EX1 
ETO 
EXO 


Address = OA8H 
Bit Addressable 


IP: Interrupt Priority Register 


1 
1 
PPC 
I 
PT2 


Address 
= OB8H 
Bit Addressable 


Remember, each of the six possible sources for the PCA interrupt must be individually enabled as well-in 
the 
CCAPMn register for the modules and in the CCON register for the timer. 


• 
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Both positive and negative transitions can trigger a cap- 
ture with the PCA. This allows the PCA flexibility to 
measure periods, pulse widths, duty cycles, and phase 
differences on up to five separate inputs. This section 
gives examples of all these different applications. 


Figure 3 shows how the PCA handles a capture event. 
Using Module 0 for this example, the signal is input to 
P1.3. When a transition is detected on that pin, the 16- 
bit value of the PCA timer (CH,CL) is loaded into the 
capture 
registers 
(CCAPOH,CCAPOL). 
Module 
O's 
event flag is set and an interrupt is flagged. The inter- 
rupt will then be generated if it has been properly en- 
abled. 


In the interrupt service routine, the 16-bit capture value 
must be saved in RAM before the next event capture 
occurs; a subsequent capture will write over the first 
capture value. Also, since the hardware does not clear 
the event flag, it must be cleared in software. 


The time it takes to service this interrupt routine deter- 
mines the resolution of back-to-back events with the 
same PCA module. To store two 8-bit registers and 
clear the event flag takes at least 9 machine cycles. That 
includes the call to the interrupt routine. At 12 MHz, 
this routine would take less than 
10 microseconds. 
However, depending on the frequency and interrupt la- 
tency, the resolution will vary with each application. 


To measure the pulse width of a signal, the PCA mod- 
ule must capture both rising and falling edges (see Fig- 
ure 4). The module can be programmed to capture ei- 
ther edge if it is known which edge will occur first. 
However, if this is not known, the user can select which 
edge will trigger the first capture by choosing the prop- 
er mode for the module. 


Listing I shows an example of measuring pulse widths. 
(It's assumed the incoming signal matches the one in 
Figure 4.) In the interrupt routine the first set of cap- 
ture values are stored in RAM. After the second cap- 
ture, a subtraction routine calculates the pulse width in 
units of PCA timer ticks. Note that the subtraction 
does not have to be completed in the interrupt service 
routine. Also, this example assumes that the two cap- 
ture events will occur within 216 counts of the PCA 
timer, i.e. rollovers of the PCA timer are not counted. 


~ 
t 
t 
CAPTURE 
1 
CAPTURE 
2 
270609-4 
Time 
(Capture 
2) - 
Time 
(Capture 
1) = Pulse Width 


INTERRUPT 
SERVICE 
ROUTINE 


Figure 3. PCA Capture 
Mode (Module 
0) 
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RAM locations 
CAPTURE 
PULSE_WIDTH 
FLAG 


to store capture 
DATA 
DATA 
.BIT 
, 
ORG OOOOH 
JMP PCA-INIT 
ORG 0033H 
JMP PCA_INTERRUPT 
, 
PCA_INIT: 
MOV CMOD, #OOH 
MOV CH, #OOH 
MOV CL, #OOH 


values 
30H 
32H 
20H.0 


Initialize PCA timer 
Input to timer = 1/12 X Fosc 


Initialize Module 0 in capture mode 
MOV CCAPMO, #21H 
Capture positive 
edge first 
for measuring 
pulse width 


SETB EC 
SETB EA 
SETB CR 
CLR FLAG 
Turn PCA timer on 
clear test flag 


This example assumes Module 0 is the only PCA module 
being used. If other modules 
are used, software must 
check which module's 
event caused the interrupt. 
, 
PCA_INTERRUPT: 
CLR CCFO 
JB FLAG, SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
MOV CCAPMO, #llH 


SETB FLAG 
RETI 


; 
SECOND_CAPTURE: 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 
, 
MOV CCAPMO, #21H 
CLR FLAG 
POP PSW 
POP ACC 
RETI 


Clear Module O's event flag 
Check if this is the first 
capture or second 


Save 16-bit 
capture value 
in RAM 
Change module to now capture 
falling edges 
Signify 1st capture complete 


16-bit result stored in 
two 8-bit RAM locations 


Optional--needed 
if user wants to 
measure next pulse width 


• 


Measuring the period of a signal with the PCA is simi- 
lar to measuring the pulse width. The only difference 
will be the trigger source for the capture mode. In Fig- 
ure 5, rising edges are captured to calculate the period. 
The code is identical to Listing I except that the cap- 
ture mode should not be changed in the interrupt rou- 
tine. The result of the subtraction will be the period. 


IL..JL 
~--------l 
t 
t 
CAPTURE 1 
CAPTURE 2 
270609-5 
Time (Capture 
2) - 
Time (Capture 
1) = Period 


Measuring a frequency with the PCA capture mode 
involves calculating a sample time for a known number 
of samples. In Figure 6, the time between the first cap- 
ture and the "Nth" capture equals the sample time T. 
Listing 2 shows the code for N = 10 samples. It's as- 
sumed that the sample time is less than 216 counts of 
the PCA timer. 


~---------- 


t 
CAPTURE 1 


T 
----------~ 
t 
CAPTURE N 
270609-6 
Time (Capture 
N) - 
Time (Capture 
1) = T 
N 
/I of Samples 
Frequency 
= - = ----- 
T 
Sample 
Time 


RAM locations 
CAPTURE 
PERIOD 
SAMPLE_COUNT 
FLAG 


to store 
DATA 
DATA 
DATA 
BIT 


capture values 
30H 
32H 
34H 
20H.0 


ORG OOOOH 
JMP PCA-INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
of PCA timer, Module 
0, and interrupt 
is the 
same as in Listing 
1. Also need to initialize 
the sample 
count. 


,......................•.....................•................................. 
. 
; 
Main program 
goes here 
.............................................................................. 
. 


This code assumes 
only Module 
0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
; Clear module 
O's event flag 
JB FLAG, NEXT_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
SETB FLAG 
RETI 


NEXT_CAPTURE: 
DJNZ SAMPLE_COUNT, 
EXIT 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 


MOV SAMPLE_COUNT, 
#lOD 
CLR FLAG 
POP PSW 
POP ACC 
EXIT: 
RETI 


inter 


The user may instead want to measure frequency by 
counting pulses for a known sample time. In this case, 
one module is programmed 
in the capture mode to 
count edges (either rising or falling), and a second mod- 
ule is programmed as a software timer to mark the 
sample time. An example of a software timer is given 
later. For information on resolution in measuring fre- 
quencies, refer to Article Reprint AR-517, "Using the 
8051 Microcontroller with Resonant Transducers," 
in 
the Embedded Controller Handbook. 


To measure the duty cycle of an incoming signal, both 
rising and falling edges need to be captured. Then the 
duty cycle must be calculated based on three capture 
values as seen in Figure 7. The same initialization rou- 
tine is used from the previous example. Only the PCA 
interrupt service"routine is given in Listing 3. 


t 
t 
t 
CAPTURE 
1 
CAPTURE 
2 
CAPTURE 
3 
270609-7 
Time (Capture2) - Time (Capture1) 
pulsewidth 
d 
---'--'---'-----'--'--- 
= ~--- 
= 
uty cycle 
Time (Capture3) - Time (Capture1) 
period 


Figure 7. Measuring 
Duty Cycle 


Listing 3. Measuring 
Duty Cycle 


RAM locations to 
CAPTURE 
PULSE_WIDTH 
PERIOD 
FLAG_l 
FLAG_2 


store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.0 
20H.l 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
for PCA timer, module, and interrupt the same 
as in Listing 1. Capture positive edge first, then either 
edge. 
,......................................................................... 
, 
; 
Main program goes here 
......................................................................... 
. 


; This code assumes only Module 0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
Clear Module O's event flag 
JB FLAG_I, SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+l, CCAPOH 
SETB FLAG_l 
MOV CCAPMO, #31H 
RETI 


Signify first capture complete 
Capture either edge now 


SECOND_CAPTURE: 
PUSH 
ACC 
PUSH 
PSW 
JB FLAG_2, 
THIRD_CAPTURE 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 
SETB FLAG_2 
POP PSW 
POP ACC 
RETI 


Calculate 
pulse 
width 
l6-bi t subtract 


THIRD_CAPTURE: 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 
MOV 
CCAPMO, 
#21H 
CLR FLAG_l 
CLR FLAG_2 
POP PSW 
POP ACC 
RETI 


Calculate 
period 
l6-bit 
subtract 


Optional 
- reconfigure 
module 
to 
capture 
positive 
edges 
for next 
cycle 


After the third capture, a 16-bit by 16-bit divide routine 
needs to be executed. This routine is located in Appen- 
dix B. Due to its length, it's up to the user whether the 
divide routine should be completed in the interrupt rou- 
tine or be called as a subroutine from the main pro- 
gram. 


between two or more signals. For this example, two 
signals are input to Modules 0 and I as seen in Figure 
8. Both modules are programmed to capture rising edg- 
es only. Listing 4 shows the code needed to measure the 
difference between these two signals. This code does 
not assume one signal is leading or lagging the other. 


Because the PCA modules share the same time base, 
the PCA is useful for measuring the phase difference 


.","", ~ 
CAPTURE 1 
u 
L 


270609-8 
ASS [Time(Capture 
2) 
- Time(Capture 
1») = PhaseDifference 
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RAM locations 
CAPTURE_O 
CAPTURE_l 
PHASE 
FLAG_O 
FLAG_l 


to store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.0 
20H.l 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Same initialization 
for PCA timer, and interrupt as 
in Listing 
1. Initialize two PCA modules 
as follows: 


MOV CCAPMO, #2lH 
MOV CCAPMl, #2lH 
Module 0 capture rising edges 
Module 1 same 
;.............•......................................................................... 
, 
; 
Main program goes here 
..•..................................•...........•.•................................... 
, 
; This code assumes 
only 
PCA_INTERRUPT: 
JB CCFO, MODULE_O 
JB CCFl, MODULE_l 


MODULE_O: 
CLR CCFO 
MOV CAPTURE_O, 
CCAPOL 
MOV CAPTURE_O+l, 
CCAPOH 
JB FLAG_I, 
CALCULATE_PHASE 


Determine which module's 
event caused the interrupt 


Clear Module O's event flag 
Save l6-bit capture value 


SETB FLAG_O 
RETI 


If capture complete on 
Module 1, go to calculation 
Signify capture on Module 0 


inter 


MODULE_I: 
CLR CCF_I 
MOV CAPTURE_I. 
CCAPIL 
MOV CAPTURE_I+I. 
CCAPIH 
JB FLAG_O. 
CALCULATE_PHASE 


SETB FLAG_I 
RETI 


CALCULATE_PHASE: 
PUSH ACC 
PUSH PSW 
CLR C 


JB FLAG_O. 
MODO_LEADING 
JB FLAG_I. 
MODI_LEADING 


MODO_LEADING: 
MOV A. CAPTURE_I 
SUBB A. CAPTURE_O 
MOV PHASE. 
A 
MOV A. CAPTURE_I+I 
SUBB A. CAPTURE_O+I 
MOV PHASE+I. 
A 
CLR FLAG_O 
JMP EXIT 


MODLLEADING: 
MOV A. CAPTURE_O 
SUBB A. CAPTURE_I 
MOV PHASE. A 
MOV A. CAPTURE_O+I 
SUBB A. CAPTURE_I+I 
MOV PHASE+I. 
A 
CLR FLAG_I 
EXIT: 
POP PSW 
POP ACC 
RETI 


If capture complete on 
Module 0. go to calculation 
Signify capture on Module 
I 


This calculation 
does not 
have to be completed 
in the 
interrupt 
service routine 
• 


inter 


Some applications may require that the PCA timer be 
read instantaneously as a real-time event. Since the tim- 
er consists of two 8-bit registers (CH,CL), it would nor- 
mally take two MOY instructions to read the whole 
timer. An invalid read could occur if the registers rolled 
over in the middle of the two MOYs. 


However, with the capture mode a 16-bit timer value 
can be loaded into the capture registers by toggling a 
port pin. For example, configure Module 0 to capture 
falling edges and initialize P1.3 to be high. Then when 
the user wants to read the PCA timer, clear Pl.3 and 
the full 16-bit timer value will be saved in the capture 
registers. It's still optional whether the user wants to 
generate an interrupt with the capture. 


In this mode, the 16-bit value of the PCA timer is com- 
pared with a 16-bit value pre-loaded in the module's 
compare registers. The comparison occurs three times 
per machine cycle in order to recognize the fastest pos- 
sible clock input, i.e. 'I. x oscillator frequency. When 
there is a match, one of three events can happen: 
(I) an interrupt 
- 
Software Timer mode 
(2) toggle of a port pin - 
High Speed Output mode 
(3) a reset 
- 
Watchdog Timer mode. 


In most applications a software timer is used to trigger 
interrupt routines which must occur at periodic inter- 
vals. Figure 9 shows the sequence of events for the Soft- 
ware Timer mode. The user pre10ads a 16-bit value in a 
module's compare registers. When a match occurs be- 
tween this compare value and the PCA timer, an event 
flag is set and an interrupt is flagged. An interrupt is 
then generated if it has been enabled. 


If necessary, a new 16-bit compare value can be loaded 
into (CCAPOH, CCAPOL) during the interrupt 
rou- 
tine. The user should be aware that the hardware 
tempo- 
rarily disables the comparator 
function 
while these regis- 
ters are being updated 
so that an invalid 
match 
will not 
occur. That is, a write to the low byte (CCAPnO) dis- 
ables the comparator 
while a write to the high byte 
(CCAPOH) re-enables the comparator. For this reason, 
user software 
must 
write 
to 
CCAPOL first, 
then 
CCAPOH. The user may also want to hold off any in- 
terrupts from occurring while these registers are being 
updated. This can easily be done by clearing the EA bit. 
See the code example in Listing 5. 


MATCH 


~ 


INTERRUPT 
SERVICE 
ROUTINE 


Figure 9. Software 
Timer Mode (Module 
0) 
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intJ 


Frequency 
PCA clock input == 12 MHz 
1/12 x Fosc 
-+ 
1 /Lsec 


Calculate 
reload value for compare registers: 
20 msec 
-------------= 20.000 counts 
1 /Lsec/count 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCLINIT: 
Initialize PCA timer same 
MOV CCAPMO. #49H 
MOV CCAPOL. #LOW(20000) 
MOV CCAPOH. #HIGH(20000) 


SETB EC 
SETB EA 
SETB CR 


as in Listing 
1 
Module 0 in Software Timer mode 
; Write to low byte first 


PCA_INTERRUPT: 
CLR CCFO 
PUSH ACC 
PUSH PSW 
CLR EA 
MOV A. #LOW(20000) 
ADD A. CCAPOL 
MOV CCAPOL. A 
MOV A. #HIGH(20000) 
ADDC A. CCAPOH 
MOV CCAPOH. A 
SETB EA 


POP PSW 
POP ACC 
RETI 


Hold 
off 
interrupts 
16-Bit Add 
Next match will occur 
20.~00 counts later 


• 


The High Speed Output (HSO) mode toggles a port pin when a match occurs between the PCA timer and the pre- 
loaded value in the compare registers (see Figure 10). The HSO mode is more accurate than toggling pins in software 
because the toggle occurs before branching to an interrupt, i.e. interrupt latency will not effect the accuracy of the 
output. In fact, the interrupt is optional. Only if the user wants to change the time for the next toggle is it necessary 
to update the compare registers. Otherwise, the next toggle will occur when the PCA timer rolls over and matches 
the last compare value. Examples of both are shown. 


INTERRUPT 
SERVICE 
ROUTINE 


Without any CPU intervention, the fastest waveform the PCA can generate with the HSO mode is a 30.5 Hz signal 
at 16 MHz. Refer to Listing 6. By changing the PCA clock input, slower waveforms can also be generated. 


Maximum output with HSO mode without interrupts = 30.5 Hz signal 
Frequency 
= 16 MHz 
PCA clock input = 1/4 x Fosc 
--. 250 nsec 


MOV CMOD. #02H 
MOV CL. #OOH 
MOV CH. #OOH 
MOV CCAPMO. #4CH 
MOV CCAPOL. #OFFH 
MOV CCAPOH. #OFFH 


HSO mode without interrupt enabled 
Write to low byte first 
Pl.3 will toggle every 216 counts 
or 16.4 msec 
Period = 30.5 Hz 
Turn on PCA timer 


In this next example. the peA interrupt is used to change the compare value for each toggle. This way a variable 
frequency output can be generated. Listing 7 shows an output of I KHz at 16 Mhz. 


Listing 7. High Speed Output (With Interrupt) 
r- 500 ).lsec -1 


--.J 
1__ 


t 
t 
t 
t + 2000 counts 
L 


500 ).lsec 
250 nsec/count 
= 2000 counts 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, #4DH 
MOV CCAPOL, #LOW(lOOO) 
MOV CCAPOH, #HIGH(lOOO) 
CLR P1.3 


Clock input = 250 nsec 
at 
16 MHz 


Module 
0 in HSO mode with 
PCA interrupt 
enabled 
t = 1000 
(arbitrary) 


SETB EC 
SETB EA 
SETB CR 


This code assumes 
only Module 
0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
PUSH ACC 
PUSH PSW 
CLR EA 
MOV A, #LOW(2000) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, #HIGH(2000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETB EA 
POP PSW 
POP ACC 
RETI 


Hold off interrupts 
l6-bit add 
2000 counts later, Pl.3 
will toggle 


• 


inter 


Another option with the HSO mode is to generate a single pulse. Listing 8 shows the code for an output with a pulse 
width of 20 J.Lsec.As in the previous example, the PCA interrupt will be used to change the time for the toggle. The 
first toggle will occur at time "tn. After 80 counts of the PCA timer, 20 J.Lsecwill have expired, and the next toggle 
will occur. Then the HSO mode will be disabled. 


Listing 8. High Speed Output (Single Pulse) 
r- 20 }'o.c --j 


~ 
t 
t 
t 
t + 80 counts 


20 }'o.c 
= 80 counts 
250 no.c/ count 


ORG OOOOH 
JIIP PCA_INIT 
ORG 0033H 
JIIP PCA_INTERRUPT 


PCA_INIT : 
JlOV CJlOD. #02H 
JlOV CL. 
#OOH 
JlOV CH. #OOH 
JlOV CCAPJlO. #4DH 
JlOV CCAPOL, #LOW(1000) 
JlOV CCAPOH. #HIGH(IOOO) 
CLR P1.3 


Jlodule 
0 in 
HSO mode with 
PCA interrupt 
enabled 
t 
= 1000 
(arbitrary) 


SETB EC 
SETB EA 
SETB CR 


This 
code 
assumes 
only 
Jlodule 
0 is 
being 
used. 
PCA_INTERRUPT: 
CLR ccro 
JNB P1.3. 
DONE 


PUSH ACC 
PUSH PSW 
CLR EA 
JlOV A. 
#LOW(80) 
ADD A, 
CCAPOL 
JlOV CCAPOL. A 
1I0V A. 
#HIGH(80) 
ADDC A. 
CCAPOH 


1I0V CCAPOH, A 
SETB EA 
POP PSW 
POP ACC 
RETI 


Hold 
orr 
interrupts 
16-bit 
add 


80 counts 
later, 
Pl.3 
will 
toggle 


DONE: 


1I0V CCAPIIO. #OOH 
RETI 


inter 


An on-board watchdog timer is available with the PCA 
to improve the reliability of the system without increas- 
ing chip count. Watchdog timers are useful for systems 
which are susceptible to noise, power glitches, or elec- 
trostatic discharge. Module 4 is the only PCA module 
which can be programmed as· a watchdog. However, 
this module can still be used for other modes if the 
watchdog is not needed. 


Figure II shows a diagram of how the watchdog works. 
The user pre-loads a 16-bit value in the compare regis- 
ters. Just like the other compare modes, this 16-bit val- 
ue is compared to the PCA timer value. If a match is 
allowed to occur, an internal reset will be generated. 
This will not cause the RST pin to be driven high. 


In order to hold off the reset, the user has three options: 
(I) periodically change the compare value so it will 
never match the PCA timer, 


(2) periodically change the PCA timer value so it will 
never match the compare value, or 
(3) disable the watchdog by clearing the WDTE bit be- 
fore a match occurs and then re-enable it. 


The fIrst two options are more reliable because the 
watchdog timer is never disabled as in option # 3. If the 
program counter ever goes astray, a match will eventu- 
ally occur and cause an internal reset. The second op- 
tion is also not recommended if other PCA modules are 
being used. Remember, the PCA timer is the time base 
for all modules; changing the time base for other mod- 
ules would not be a good idea. Thus, in most applica- 
tions the fIrst solution is the best option. 


Listing 9 shows the code for initializing the watchdog 
timer. Module 4 can be confIgured in either compare 
mode, and the WDTE bit in CMOD must also be set. 
The user's software then must periodically 
change 
(CCAP4H,CCAP4L) 
to keep a match from occurring 
with the PCA timer (CH,CL). This code is given in the 
WATCHDOG 
routine. 


This routine should not be part of an interrupt service 
routine. Why? Because if the program counter goes as- 
tray and gets stuck in an infInite loop, interrupts will 
still be serviced and the watchdog will keep getting re- 
set. Thus, the purpose of the watchdog would be defeat- 
ed. Instead call this subroutine from the main program 
within 216 count of the PCA timer. 


MATCH 
Sz 
• 


INIT_WATCHDOG: 
MOV CCAPM4, 
#4CH 
MOV CCAP4L, 
#OFFH 
MOV CCAP4H, 
#OFFH 


Module 
4 in compare mode 
Write 
to low byte first 
Before 
PCA timer 
counts up to 
FFFF Hex, these 
compare values 
must be changed 
Set the WDTE bit to enable the 
watchdog 
timer without 
changing 
the other bits in CMOD 


WATCHDOG: 
CLR EA 
MOV CCAP4L, 
#00 
MOV CCAP4H, 
CH 
SETB EA 
RET 


Hold 
off interrupts 
Next 
compare value 
is within 
255 counts 
of the current PCA 
timer value 


the next period of the output: that is, when CL rolls 
over from 255 to 00. This mechanism provides "glitch- 
free" writes to CCAPnH when the duty cycle of the 
output is changed. 
The PCA can generate 8-bit PWMs by comparing the 
low byte of the PCA timer (CL) with the low byte of 
the 
compare 
registers 
(CCAPnL). 
When 
CL 
< 
CCAPnL 
the 
output 
is 
low. 
When 
CL ~ CCAPnL the output is high. 
CCAPnH can contain any integer from 0 to 255, but 
Figure 13 shows a few common duty cycles and the 
corresponding values for CCAPnH. Note that a 0% 
duty cycle can be obtained by writing to the port pin 
directly with the CLR bit instruction. To calculate the 
CCAPnH value for a given duty cycle, use the follow- 
ing equation: 


To control the duty cycle of the output, the user actual- 
ly loads a value into the high byte CCAPnH (seeFigure 
12).Since a write to this register is asynchronous, a new 
value is not shifted into CCAPnL for comparison until 


where CCAPnH is an 8-bit integer and Duty Cycle is 
expressed as a fraction. 


DUTY CYCLE 
CCAPnH 
OUTPUT 
WAVEfORM 


100% 
00 


90% 
25 


50% 
128 


10% 
230 


0.•% 
255 


0% 
CLR Pl.X 


Figure 13. CCAPnH 
Varies Duty Cycle 


Table 4. PWM Frequencies. 


PCA Timer Mode 
PWM Frequency 


12 MHz 
16 MHz 


1/12 Osc. Frequency 
3.9 KHz 
5.2 KHz 


Y40SC. Frequency 
11.8 KHz 
15.6 KHz 


Timer 0 Overflow: 
8·bit 
15.5 Hz 
20.3 Hz 
16-bit 
0.06 Hz 
0.08 Hz 
8-bit Auto-Reload 
3.9 KHz to 15.3 Hz 
5.2 KHz to 20.3 Hz 


External 
Input (Max) 
5.9 KHz 
7.8 KHz 
• 


inter 


INIT-PWM: 
MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, 
#42H 
MOV CCAPOL, 
#OOH 
MOV CCAPOH, #128D 


Clock input = 250 nsec at 16 MHz 
Frequency of output = 15.6 KHz 


The frequency of the PWM output 
will depend on 
which of the four-inputs is chosen for the PCA timer. 
The maximum frequency is 15.6 KHz at 16 MHz. Re- 
fer to Table 4 for a summary of the different PWM 
frequencies possible with the PCA. 


Listing 10 shows how to initialize Module 0 for a PWM 
signal at 50% duty cycle. Notice that no PCA interrupt 
is needed to generate the PWM (Le no software over- 
head!). To create a PWM output on the 8051 requires a 
hardware timer plus software overhead to toggle the 
port pin. The advantage of the PCA is obvious, not to 
mention it can support up to 5 PWM outputs with just 
one chip. 


This list of examples with the PCA is by no means 
exhaustive. However, the advantages of the PCA can 
easily be seen from the given applications. For example, 
the PCA can provide better resolution than Timers 0, 1 
and 2 because the PCA clock rate can be three times 
faster. The PCA can also perform many tasks that 
these hardware timers can not, i.e. measure phase dif- 
ferences between signals or generate PWMs. In a sense, 
the PCA provides the user with five more timer/coun- 
ters 
in 
addition 
to 
Timers 
0, 
1 and 
2 on 
the 
8XC51FA/FB. 


Appendix A includes test routines for all the software 
examples in this application note. The divide routine 
for calculating duty cycles is in Appendix B. And final- 
ly, Appendix C is a table of the Special Function Regis- 
ters for the 8XC51FA/FB 
with the new or modified 
registers boldfaced. 


inter 


APPENDIX 
A 
TEST ROUTINES 


$nomod51 
$nosymbol. 
$nollst 
$include (reg252.pdll 
$lIst 


, 
CAPTURE 
PULSE_WIDTH 
FLAG 


ORG llOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


DATA 
DATA 
BIT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD,IOOH 
MOV CH, tIOO 
MOV CL, tIOO 


Initialize Module 0 In capture mode 
MOV CCAPMO,n1 H 


MOV CCAPOH, tIOO 
MOV CCAPOL, tIOO 


SETB EC 
SETBEA 
SETBCR 
CLR FLAG 


30H 
32H 
2OH.O 


This code assume. 
Module 0 Is the only module being usecl. If 
other PCA module's are being usecl, software must check which 
module's event lIag causecl the Interrupt. 
, 
PCA INTERRUPT: 
- 
CLRCCFO 
JBFLAG,SECOND_CAPTURE 


FIRST CAPTURE: 
- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE.1, CCAPOH 


• 


SETB FLAG 
RETI 


SECOND CAPTURE: 
- 
PUSHACC 
PUSHPSW 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PULSE_WIDTH+1, A 


MOV CCAPMO,121H 
CLRFLAG 
POPPSW 
POPACC 
RETI 


Change module to now capture 
failing edges 
Signify first capture complete 


; Optional If user wants to measure 
; next pulse width 


, 
$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$list 


DATA 
DATA 
BIT 


30H 
32H 
2OH.O 


CAPTURE 
PERIOD 
FLAG 


ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, lIOOH 
MOV CH,lIOOH 
MOV Cl, lIOO 


Initialize Module 0 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH,IOO 
MOV CCAPOL,IOO 


SETB EC 
SETBEA 
SETBCR 
CLRFLAG 


; Enable PCA Interrupt 


; Turn PCA timer on 
; Clear test flag 
,; 
_.....•............................._ 
. 


Test program only 


This code assumes only Module 0 Is being used. If other modules 
are being used, software must check which module's flag caused 
the Interrupt. 
, 
PCA INTERRUPT: 
- 
CLRCCFO 
JBFLAG,SECOND_CAPTURE 


FIRST CAPTURE: 
- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+1, CCAPOH 


• 


inter 


. 
SECOND_CAPTURE: 
PUSHACC 
PUSHPSW 
CLRC 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PERIOD, A 
MaY A, CCAPOH 
SUBB A, CAPTURE+1 
MOY PERIOD+1, A 


CLRFLAG 
POPPSW 
POPACC 
REn 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$1181 


, 
CAPTURE 
PERIOD 
SAMPLE_COUNT 
FLAG 


DATA 
DATA 
DATA 
BIT 


, 
ORGOO33H 
JMP PeA_INTERRUPT 


Initialize PeA timer 
PCA_INIT: 
MOV CMOD, IOOH 
MOVCH,IOO 
MOV CL, 100 


Initialize Module 0 In capture mode 
MOV CCAPMO, 121H 


MOV CCAPOH, 100 
MOV CCAPOl, 100 


MOV SAMPLE_COUNT, '100 


SETBEC 
SETBEA 
SETBCR 
ClRFLAG 


30H 
32H 
34H 
2OH.0 


PeA_INTERRUPT: 
ClRCCFO 
JBFLAG,NEXT_CAPTURE 


• 


w •• 
_. 
__ 
r 
I ",nl:O, """,,,,..-uL 
MOV CAPTURE+1, CCAPOH 
SETB FLAG 
RETI 
, 
NEXT CAPTURE: 
- 
DJNZ SAMPLE COUNT, EXIT 
PUSHACC 
- 
PUSHPSW 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PERIOD+1, A 


MOV SAMPLE_COUNT, '100 
CLR FLAG 
POPPSW 
POPACC 
RETI 


$nomod51 
$nosymbola 
$noll81 
$Include (reg252.pdf) 
$1181 


CAPTURE 
PULSE WIDTH 
PERIOD 


FLAG 1 
FLAG=2 


DATA 
DATA 
DATA 


BIT 
BIT 
, 
ORGOOOOH 
JMP PCA_INlT 


ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD,IllOH 
MOVCH,IllO 
MOVCL, IllO 


Inltlsllze 
Module 0 In cspture mode 
MOV CCAPMO, 121H 


MOV CCAPOH,IllO 
MOV CCAPOL,IllO 


CLRFLAG_1 
CLRFLAG_2 


SETBEC 
SETBEA 
SETBCR 


30H 
32H 
34H 


2OH.O 
2OH.1 


,; 
_ 
_.............................•.. 


Test program only 


, 
PCA_INTERRUPT: 
CLRCCFO 
JBFLAG_1,SECOND_CAPTURE 


• 


inter 


FIRST_CAPTURE: 
MOY CAPTURE, CCAPOL 
MOY CAPTURE+l, CCAPOH 
SETBFLAG 
1 
MOY CCAPMo,131H 
RETI 


SECOND CAPTURE: 
- 
PUSHACC 
PUSHPSW 
JB FLAG 2, THIRD CAPTURE 
CLRC 
- 
- 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PULSE_WIDTH, A 
MOY A, CCAPOH 
SUBB A, CAPTURE+l 
MOY PULSE_WIDTH+l, 
A 


SETBFLAG_2 
POPPSW 
POPACC 
RETI 


THIRD CAPTURE: 


- 
CLRC 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PERIOD, A 
MOY A, CCAPOH 
SUBB A, CAPTURE+1 
MOY PERIOD+1, A 


MOY CCAPMO,121H 
CLRFLAG_1 
CLRFLAG_2 
POPPSW 
POPACC 
RETI 


; Signify Ilrst capture complete 
; Capture either edge now 


; Optional- reconllgure 
module to 
; capture positive edges lor 
; next cycle 


intJ 


$nom0d51 
$nosymboll 
$nolill 
$Include 
(reg252.pdl) 
$1111 


, 
CAPTURE_O 
CAPTURE_1 
PHASE 


DATA 
DATA 
DATA 


BIT 
BIT 
, 


ORGOOOOH 
JMP 
PCA_INIT 
, 
ORGOO33H 
JMP 
PCA_INTERRUPT 


; 
Inllllllze 
PCA 
Ilmer 
PCA_INIT: 
MOV 
CMOD, 
tOOH 
MOVCH,IOO 
MOVCL, 
tOO 


Initialize 
Module, 
0 & 1 In capture 
mode 
MOV 
CCAPMO, 
121 H 


MOV 
CCAPOH, 
tOO 
MOV 
CCAPOL, 
tOO 


MOV 
CCAPM1,121 
H 
MOV 
CCAP1H,tOO 
MOV 
CCAP1 
L, 100 


MOV 
RO, IOFFH 
MOV 
R1,IOFFH 


CLRFLAG 
0 
CLRFLAG:::1 


SETBEC 
SETBEA 
SETBCR 


30H 
32H 
34H 


~.O 
~.1 
• 


CALL TOG1 
CALLDELAY2 
CALL TOG2 
JMPMAIN 


CPL P1.6 
CALLDELAY1 
RET 


CPL P1.5 
CALLDELAY1 
RET 


This code assumes only Modulea °and 1 are being used. 


PCA INTERRUPT: 
- 
JB CCFO,MODULE_O 
JB CCF1, MODULE_1 


CLRCCFO 
MOV CAPTURE_O, CCAPOL 
MOV CAPTURE_O+1, CCAPOH 
JB FLAG_1, CALCULATE_PHASE 


SETBFLAG ° 
RETI 
- 


CLRCCF1 
MOV CAPTURE_1, CCAP1L 
MOV CAPTURE_1+1, CCAP1H 
JB FLAG_O, CALCULATE_PHASE 


SETBFLAG_1 
RETI 


CALCULATE 
PHASE: 
- PUSHACC 
PUSHPSW 
CLRC 


; If capture Is complete on Module 1, 
; go to calculation 
; Signify capture complete on 
; Module ° 


If capture Is complete on Module 0, 
go to calculation 
Signify capture complete 
Module 1 


This calculation 
does not have to 
be completed In the Interrupt 
service routine 


inter 


JB FLAG_1, MODI_LEADING 


MODO LEADING: 
- 
MOV A, CAPTURE_1 
SUBB A, CAPTURE_O 
MOVPHASE,A 
MOV A, CAPTURE_l+l 
SUBB A, CAPTURE_0+1 
MOV PHASE+1, A 
CLRFLAG ° 
JMPEXIT 
- 
, 
MOD1_LEADING: 
MOV A, CAPTURE_O 
SUBB A, CAPTURE_1 
MOVPHASE,A 
MOV A, CAPTURE_O+l 
SUBB A, CAPTURE_l+1 
MOV PHASE+1, A 
CLRFLAG_1 


POPPSW 
POPACC 
RETI 


inter 


$nomodS1 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$lIst 


, 
ORGOOOOH 
JMPPCA 
INIT 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA INIT: 
MOV CMOD, tOOH 
- 
MOVCH,tOO 
MOVCL,100 


MOV CCAPMO, 149H 
MOV CCAPOL, 'LOW(2ooo0) 
MOV CCAPOH, tHIGH(200OO) 


SETB EC 
SETB EA 
SETBCR 


This code assumes Module 0 Is the only module being used. 
If 
other PCA module's are being used, software must check which 
module's event flag caused the Interrupt. 
, 
PCA INTERRUPT: 
- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLR EA 
MOV A, 'LOW(20000) 
ADD A. CCAPOL 
MOV CCAPOL, A 
MOV A, tHIGH(20000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETBEA 
POPPSW 
POPACC 
RETI 


; Hold off Interrupts 
; 16-blt add 
; Next match will occur 20,000 
; counts later 


$nomodS' 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$lIst 


IniUalize PCA timer 
PCA INIT: 
MOV CMOD,I02H 
- 
MOV CH,lIOO 
MOV CL, lIOO 


MOV CCAPMO, t4CH 
MOV CCAPOL, IOFFH 
MOV CCAPOH, #OFFH 


; HSO Mode without Interrupt enabled 
; Write to low byte first 
; P1.3 will toggle every 65,536 counts 
; or 16.4 msec at Fosc = 16 MHz 
; Period = 30.5 Hz 
; Turn PCA timer on 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pcli) 
$lIst 


, 
ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA INIT: 
MOV CMOD,I02H 
- 
MOV CH,/IOO 
MOVCl, 
/100 


MOV CCAPMO, t4DH 
MOV CCAPOl, .LOW(1000) 
MOV CCAPOH,IJHIGH(1000) 
CLR P1.3 


SETB EC 
SETBEA 
SETBCR 
,i··················..······························ ·· 
. 
Test program only 


This code assumes Module 0 Is the only module being used. If 
other PCA module's are being used, software must check which 
module's event flag caused the Interropt. 
, 
PCA INTERRUPT: 
- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLREA 
MOV A, 'LOW(2000) 
ADD A, CCAPOL 
MOV CCAPOl, A 
MOV A, IJHIGH(2000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 


SETBEA 
POPPSW 
POPACC 
RETI 


; Hold off Interropts 
; 16·blt add 
; 2000 counts later P1.3 
; will toggle 


inter 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$lIst 


, 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA INIT: 
MOV CMOD, 102H 
- 
MOVCH,tOO 
MOV Cl, tOO 


MOV CCAPMO, I4DH 
MOV CCAPOl, .LOW(1000) 
MOV CCAPOH, tHIGH(1ooo) 
CLR P1.3 


SETBEC 
SETBEA 
SETBCR 


; HSO mode with Intarrupt enabled 
; t = 1000 arbitrary 


Test program only 


JMP$ 
JMPWAIT 


This code assumes Module 0 Is the only module being used. 
If 
other PCA module'. 
are being used, software must check which 
module's event flag caused the Interrupt. 


PCA INTERRUPT: 
- 
CLRCCFO 
JNB P1.3, DONE 


PUSHACC 
PUSHPSW 
CLREA 
MOV A, 'LOW(80) 
ADD A, CCAPOL 
MOV CCAPOl, A 
MOV A, tHIGH(80) 


ADDC A. CCAPOH 
MOV CCAPOH, A 
SETBEA 
POPPSW 
POPACC 
RETl 


; Hold off interrupts 
; 16-b1tadd 
; 80 counts later P1.3 
; will toggf. 


• 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pcIf) 
$lIst 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD,IIOOH 
MOVCH,IOO 
MOV Cl, 100 


MOV CCAPM4, -.4CH 
MOV CCAP4L, IOFFH 
MOV CCAP4H, IOFFH 


ORL CMOD, I40H 


SETBCR 


; Module 4 In compare mode 
; Write to low byte first 
; Before PCA timer counts up to FFFF Hex, 
; these compare values must be changed 
; 58t the WDTE bit to enable watchdog timer 


; Turn PCA timer on 


MOV R1, '120D 
MOV RO.IOFFH 


DJNZRO,$ 
DJNZ R1, MAIN 
CALL WATCHDOG 
JMPSTART 


CLREA 
MOV CCAP4L,IIOOH 
MOV CCAP4H, CH 
SETBEA 
RET 


; Hold off Interrupts 
; Next compare value Is within 
; 255 counts of the current PCA 
; timer value 


inter 


Snomod51 
Snosymbols 
Snollst 
Sinciude (reg252.pdf) 
Slist 


Initialize PeA timer 
PCA INIT: 
MOV CMOO, t02H 
- 
MOVCH,IOO 
MOVCL,IOO 


MOV CCAPMO,142H 
MOV CCAPOL,IOOH 
MOV CCAPOH, '1280 
SETBCR 


PWMMode 
Write to low byte first 
50 percent duty cycle 
Turn PCA timer on 
• 


APPENDIX 
B 
Duty Cycle Calculation 


$DEBUG 


SHORT_DIVISION SEGMENT CODE 


EXTRN DATA(PULSE_WlDTH, PERIOD, DUTY_CYCLE) 
PUBLIC DUTY_CYCLE_CALCULATION 


RSEG SHORT_DIVISION 


DUTY_CYCLE_CALCULA liON 


CALCULATES 
DUTY_CYCLE = PULSE_WIDTH I PERIOD 


Inputs to this routine are 16-blt pulse width and period measurements 
of 
a rectangular 
waveform. 
The oUfputls 
a 9-blt BCD number representing 
the duty cycle of the waveform. 
The low B bits of the result are 
returned In DUTY_CYCLE. The 9th bit Is the carry bit in the PSW. If the 
duty cycle is between 0 and 99 percent, the carry bit is 0 and DUTY_CYCLE 
contains the two BCD digits representing 
the duty cycle as a percent. 


If the duty cycle Is 100 percent, the carry bit Is 1 and DUTY_CYCLE 
contains 
O. 


INPUTS: PULSE_WIDTli 
2 bytes In externally defined DATA 
(low byte at PULSE_WIDTH, high byte at PULSE_WIDTli+ 1) 


VARIABLES AND REGISTERS MODIFIED: 


PULSE_WIDTH, DUTY_CYCLE 
ACC, B, PSW, R2, R3 


ERROR EXIT: Exit with OV = 1 indicates PULSE_WIDTH> PERIOD. 


DUTY_CYCLE_CALCULATION: 


MOV 
A,PERIOD+ 1 
CJNE 
A,PULSE_ WIDTH+1,NOT_EQUAL 
MOV 
A,PERIOD 
CJNE 
A,PULSE_WIDTli,NOT_EQUAL 


~wuA\.. 


SETB 
MOV 
ClR 
RET 


NOT EQUAL: 
- 
JNC 
CONTINUE 
SETB 
OV 
RET 


CONTINUE: 
MOV 
R2,II8 
MOV 
DUTY_CYClE,tO 
MOV 
R3,tO 


TIMES_TWO: 


MOV 
RlC 
MOV 
MOV 
RlC 
MOV 
MOV 
RlC 
MOV 
COMPARE: 
CJNE 
MOV 
CJNE 
MOV 
CJNE 
DONE: 
CPl 


A,PUlSE_WIDTH 
A 
PUlSE_WIDTH,A 
A,PUlSE_WIDTH+ 1 
A 
PUlSE_WIDTH+1,A 
A,R3 
A 
R3,A 
• 


R3,.a,DONE 
A,PUlSE_WIDTH+1 
A,PERIOD+ 1,DONE 
A,PUlSE_WIDTH 
A,PERIOD,DONE 


BUllD_DUTY_CYClE: 
MOV 
A,DUTY_CYClE 
RlC 
A 
MOV 
DUTY_CYClE,A 
JNB 
ACC.a,lOOp _CONTROL 
SUBTRACT: 
MOV 
A,PUlSE_WIDTH 
SUBB 
A,PERIOD 
MOV 
PUlSE_WIDTH,A 
MOV 
A,PUlSE_WIDTH+1 
SUBB 
A,PERIOD+1 
MOV 
PUlSE_WIDTH+1,A 
MOV 
A,R3 
SUBB 
A,.a 
MOV 
R3,A 
lOOP 
CONTROL: 
-DJNZ 
R2,TIMES_TWO 


inter 


FINAL TIMES TWO: 
-MOV 
-A,PULSE_WIDTH 
RLC 
A 
MOV 
PULSE_WIDTH,A 
MOV 
A,PULSE_WIDTH+1 
RLC 
A 
MOV 
PULSE_WIDTH+1,A 
MOV 
A,R3 
RLC 
A 
MOV 
R3,A 
FINAL COMPARE: 


- CJNE 
R3,*O,FINAL_DONE 
MOV 
A,PULSE_WIDTH+1 
CJNE 
A,PERIOD+ 1,FINAL_DONE 
MOV 
A,PULSE_WIDTH 
CJNE 
A,PERIOD,FINAL_DONE 
FINAL DONE: 


- JC 
CONVERT TO BCD 
MOV 
A,DUTY_CYCLE 
ADD 
A,'1 
MOV 
DUTY_CYCLE,A 
JNC 
CONVERT_TO_BCD 
CLR 
OV 
RET 


CONVERT_TO_BCD: 


MOV 
A,DUTY_CYCLE 
MOVB,'10 
MUL 
AB 
XCH 
A,B 
SWAP A 
MOV 
DUTY_CYCLE,A 
MOV 
A,'10 
MUL 
AB 
XCH 
A,B 
ORL 
DUTY_CYCLE,A 
MOV 
A,'10 
MUL 
AB 
MOV 
A,B 
CJNE 
A,IS,TEST 
TEST: 
JBC 
CY,OUT 
MOV 
A,DUTY CYCLE 
ADD 
A,'1 
- 
DA 
A 
MOV 
DUTY_CYCLE,A 
OUT: 
RET 


inter 


A map of the Special Function 
Register 
(SFR) 
space is 


shown 
in Table 
AI. 
Those 
registers 
which 
are new or 


have 
new bits added 
for the 
83C51FA 
and 
83C51FB 


have been boldfaced. 


Read 
accesses 
to these addresses 
will in general 
return 


random 
data, 
and write accesses 
will have no effect. 


Note 
that 
not all of the addresses 
are occupied. 
Unoc- 


cupied 
addresses 
are 
not 
implemented 
on 
the 
chip. 


User 
software 
should 
not 
write 
Is to these 
unimple- 


mented 
locations, 
since they may be used in future 
8051 
family products 
to invoke new features. 
In that case the 


reset or inactive 
values of the new bits will always be 0, 


and their 
active values 
will be I. 


CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


oS 


00000000 


CL 
CCAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 
00000000 
XXXXXXXX xxx XXX XX XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


o ACC 
00000000 


CCON 
CMOD 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 
OOXOOOOO OOXXXOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


o PSW 
00000000 


T2CON 
T2MOD 
RCAP2L 
RCAP2H 
TL2 
TH2 
00000000 
XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


o'P 
SADEN 
XOOOOOOO 00000000 


o P3 


11111111 


OlE 
SADDR 
00000000 
00000000 


o P2 


11111111 


°SCON 
o SSUF 
00000000 
XXXXXXXX 


o P1 


11111111 


o TCON 
°TMOO 
o TLO 
o TL1 
° THO 
o TH1 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


o PO 
o SP 
o OPL 
o OPH 
0PCON 
00 


11111111 
00000111 
00000000 
00000000 
OOXXOOOO 


• = Found in the 8051 core (See 8051 Hardware Description in the Embedded Controller Handbook for explanations of 
these SFRs). 


O. 
= See description of PCON SFR. Bit PCON.4 is not affected by reset. 


X = Undefined. 


FF• 
F7 


EF 


E7 


OF 


07 


CF 


C7 


SF 


S7 


AF 


A7 


9F 


97 


8F 


87 
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This application note shows how an 83C.5IFA. c.an be 
used to efficiently control DC motors wIth mmlmum 
hardware requirements. It also discusses software im- 
plementation and presents helpful techniques as well as 
sample code needed to realize precision control of a 
motor. 


There is also a brief overview of the new features of the 
83C51FA. This new feature is called the Programmable 
Counter 
Array 
(PCA) and is capable of delivering 
Pulse Width Modulated signals (PWM) through desig- 
nated I/O pins. 


It is assumed that the reader is familiar with the MCS- 
51 architecture 
and its assembly language. For more 
information about the 8051 architecture and the PCA 
refer to the Embedded Controller Handbook Volume I 
(order no. 210918-006). 


This document will not discuss stepper motors or mo- 
tor control algorithms. 


DC motors are widely used in industrial and consumer 
applications. 
In 
many 
cases, absolute 
precision .in 
movement is not an issue, but precise speed control IS. 
For example, a DC motor in a cassette player is expect- 
ed to run at a constant speed. It does not have to run 
for precise increments which are fractions of a turn and 
stop exactly at a certain point. 


However, some motor applications do require precise 
positioning. 
Examples 
are high 
resolution 
plotters, 
printers, disk drives, robotics, etc. Stepper motors are 
frequently used in those applications. There are also 
applications which require precise speed control along 
with some position accuracy. Video recorders, compact 
disk drives, high quality cassette recorders are examples 
of this category. 


By controlling DC motors accurately, they can overlap 
many applications of stepper motors. The cost of the 
control system depends on the accuracy of the encoder 
and the speed of the processor. 


The 83C51FA can control a DC motor accurately with 
minimum hardware at a very low cost. The microcon- 
troller, as the brain of a system, can digitally control 
the angular velocity of the motor, by monitoring the 
feedback lines and driving the output lines. In addition 
it can perform other tasks which may be needed in the 
application. 


Almost every application that uses a DC motor re- 
quires it to reverse its direction of rotation or vary its 
speed. Reversing the direction is simply done by chang- 


ing the polarity of the voltage applied to the ~otor. 
Figure I shows a simplified symbolic re~resentatlOn ~f 
a driver circuit which is capable of reversmg the polan- 
ty of the input to the motor. 


Figure 1. Reversible 
Motor Driver Circuit 


Varying the speed requires changing the voltage level of 
the input to the motor, and that means changing the 
input level to the motor driver. In a digitally-controlled 
system, the analog signal to the driver must come from 
some form of D/ A converter. But adding a D/ A con- 
verter to the circuit adds to the chip count, which 
means more cost, higher power consumption, and re- 
duced reliability of the system. 


The other alternative is to vary the pulse width of a 
digital signal input to the motor. By varying the pulse 
width the average voltage delivered to the motor chang- 
es and so does the speed of the motor. A digital circuit 
that 
does this is called a Pulse Width 
Modulator 
(pWM). The 83C51FA can be configured to have up to 
5 on-board pulse width modulators. 


The 83C51FA is an 8-bit microcontroller based on the 
8051 architecture. 
It is an enhanced version of the 
87C51 and incorporates many new features including 
the Programmable Counter Array (PCA). 


Included in the Programmable Counter Array is a 16- 
bit free running timer and 5 separate modules. 


The PCA timer has two 8-bit registers called CL (low 
byte) and CH (high byte), and is shared by all modules. 
It can be programmed to take input from four different 
sources. The inputs provide flexibility in choosing the 
count rate of the timer. The maximum count rate is 4 
MHz (Y. of the oscillator frequency). 


-Some of the port I pins are used to interface each mod- 
ule and the timer to the outside world. When the port 
pins are not used by the PCA modules, they may be 
used as regular I/O pins. 


The modules of the PCA can be programmed to per- 
form in one of the following modes: capture mode, 


compare mode, high speed output mode, pulse width 
modulator 
(PWM) mode, or watchdog timer mode 
(only module 4). 


Every 
module 
has 
an 
8-bit 
mode 
register 
called 
CCAPMn (Figure 2), and a l6-bit compare/capture 
register called CCAPnL & CCAPnH, where n can be 
any value from 0 to 4 inclusive. By setting the appropri- 
ate bits in the mode register you can program each 
module to operate in one of the aforementioned modes. 


CCAPMn 
ECOMn - 
Enables the comparator function. Must 
be set for functions which require com- 
paring of the compare/ capture registers 
with the l6-bit timer, i.e., software tim- 
er, high-speed output, watchdog timer, 
and PWM. 


CAPPn - 
Capture on positive edge of signal. 


CAPNn - 
Capture on negative edge of signal. 


MATn 
- 
Find 
a match between the capture/ 
compare and 16-bit timer. 


TOGn 
- 
Toggle I/O pin upon a match between 
capture/compare 
registers and 
16-bit 
timer. 


PWMn 
- 
Generate 
PWM on I/O 
pin upon a 
match between the low byte of capture/ 
compare and the low byte of PCA tim- 
er. 


ECCFn - 
Enables compare/capture 
flag CCFn in 
the CCON register to generate an inter- 
rupt. 


Figure 2. CCAPMn 
Register 


When a module is programmed in capture mode, an 
external signal on the corresponding port pin will cause 
a capture of the current value of the 16-bit timer. By 
setting bits CAPPn or CAPNn or both, the module can 
be programmed to capture on the rising edge, falling, 
edge, or either edge of the signal. If enabled, an inter- 
rupt is generated at the time of capture. 


When module is to perform in one of the compare 
modes (software timer, high speed output, watch dog 
timer, PWM), the user loads the capture/compare 
reg- 
isters with a calculated value, which is compared to the 
contents of the 16-bit timer, and causes an event as 
soon as the values match. It can also generate an inter- 
rupt. 


PWM is one of the compare modes and is the only one 
which uses only 8 bits of the capture/compare 
register. 
The user writes a value (0 to FFH) into the high byte 
(CCAPnH) of the selected module. This value is trans- 
ferred into the lower byte of the same module and is 
compared to the low byte of the PCA timer. While CL 
< CCAPnL the output on the corresponding pin is a 
logic O.When CL > CCAPnL, the output is a logic 1. 


In this application note we will see how a module can 
be programmed to perform as a PWM to control the 
speed and direction of a DC motor. 


The 83C5lFA 
has several Special Function Registers 
(SFRs) that are unknown to ASM51 versions before 2 
2.4. The names of these SFRs must be defined by 
DATA directive or be defined in a separate file and be 
included at the time of compilation. Such a file has 
already been created and is included in the ASM51 
package version 2.4. 


Two special function registers are dedicated to the PCA 
timer to allow mode selection and control of the timer. 
These registers are CCON and CMOD and are shown 
in figure 3. CCON contains the PCA timer ON/OFF 
bit (CR), timer rollover flag (CF) and module flags 
(CCFn). Module flags are used to determine which 
module causes the PCA interrupt. 


7 
~I 
CR 


Address 
OD8H 


Bit Addressable 


4 
3 
2 
0 
I CCF4 I CCF3 I CCF2 I CCFl I~ 


Reset Value = OOXOססoo B 


First the clock source for the PCA timer must be de- 
fined. The 16bit timer may have one of four sources for 
its input. These sources are: osc freq/4, osc freq/12. 
timer 0 overflow. and external clock. 


Two bits in the CMOD register are dedicated to select- 
ing one of the sources for the PCA timer input. They 
are bits 1 and 2 of CMOD which are called CPSO and 
CPSI. CMOD is not bit addressable. thus the value 


~.~~, 
"" 
lVliU<:U as a oyte. t'lgure 4 shows all the sources 
and the corresponding values of CPSOand CPS1. 


CPS1 
CPSO 
TIMER 
INPUT SOURCE 


0 
0 
Internal clock, Fosc/12 
0 
1 
Internal clock, Fosc/4 
1 
0 
Timer 0 overflow 
1 
1 
External clock (input on P1.2) 


Next the appropriate module must be programmed as a 
PWM. As it was noted earlier, the 8-bit mode register 
for each module is called CCAPMn (see figure 2). Bit I 
of each register is called PWMn. This bit along with 
ECOMn (bit 6 of the same register) must be set to pro- 
gram the module in the PWM mode. PWM is one of 
the compare functions of the PCA, and ECOMn en- 
ables the compare function. Thus, the hex value that 
must be loaded into the appropriate CCAPMn register 
is 42H. 


Now that the module is programmed as a PWM, a 
value must be loaded in the high byte of the compare 
register to select the duty cycle. The value can be any 
number from 0 to 255. In the 83C51FA loading 0 in the 
CCAPnH will yield 100% duty cycle, and 255 (OFFh) 
will generate a 0.4% duty cycle. See figure 5. 


The next step is to start the PCA timer. The bit that 
turns the timer on and off is called CR and is bit 6 of 


DUTY CYCLE CCAPnH 
OUTPUT 
WAVEFORM 


100% 
00 


90% 
25 ----u-u-u- 


50% 
128 --uL..lL- 


10% 
230 --ILJLJL 


0.4% 
255 
~ 
270622-2 


CCON register (Figure 3). Since this register is bit ad- 
dressable, you can use bit instructions to turn the timer 
on and off. 


In the following example module 2 has been selected to 
provide a PWM signal to a motor driver. An external 
clock will be provided for the timer input, so the value 
that needs to be loaded into CMOD is 06H. 


When using an 83C51FA, very little hardware is re- 
quired to control a motor. The controller can interface 
to the motor through a driver as shown in figure 6. 


MOV 
MOV 
MOV 
SETB 


CMOD,#06 
CCAPM2,#42H 
CCAP2H,#0 
CR 


timer 
input 
external 
put 
the module 
in PWM 
mode. 
o provides 
100% 
duty 
cycle 
(5V) 
turn 
timer 
on 


SPEED 


ON/OFF 


This configuration, a closed loop circuit, takes up only 
three I/O pins. The line controlling direction can be a 
regular port pin but the speed control line must be one 
of the port I pins which corresponds to a PCA module 
selected for PWM. Depending on how the feedback is 
generated and processed, it could be connected to a 
regular I/O, an external interrupt, or a PCA module. 
Feedback is discussed in more detail in the feedback 
section of this application note. 


The diagram in Appendix A is an example of a DC 
motor circuit which has been built and bench-tested. 


Although some DC motors operate at 5 volts or less, 
the 83C5lFA can not supply the necessary current to 
drive a motor directly. The minimum current require- 
ments of any practical motor is higher than any micro- 
controller can supply. Depending on the size and rat- 
ings of the motor, a suitable driver must be selected to 
take the control signal from the 83C51FA and deliver 
the necessary voltage and current to the motor. 


A motor draws its maximum current when it is fully 
loaded and starts from a stand still condition. This fac- 
tor must be taken into account when choosing a driver. 
However, if the application requires reversing the mo- 
tor, the current demand will even be higher. As the 
motor's speed increases, it's power consumption 
de- 
creases. Once the speed of a motor reaches a steady 
state, the current depends on the load and the voltage 
across the motor. 


Standard motor drivers are available in many current 
and voltage ratings. One example is the L293 series 
which can output up to 1 ampere per channel with a 
supply voltage of 36 V. It has separate logic supply and 
takes logical input (0 or 1) to enable or disable each 
channel. 
There 
are four channels 
per device. The 
L293D also includes clamping diodes needed for pro- 
tecting the driver against the back EMF generated dur- 
ing the reversing of motor. 


Motors generate enough electrical noise to upset the 
performance of the controller. The source of the noise 
could be from the switching of the driver circuits or the 
motor itself. Whatever the cause of the noise may be, it 
must be isolated or bypassed. 


Isolating the microcontroller from the driver circuit is 
helpful in keeping the noise limited. 


Bypass capacitors help a great deal in suppressing the 
noise. They must be added to the power and ground 
(Figure 7 diagram a), on the driver circuit (diagram b), 
on the motor 
terminals 
(diagram 
c), and 
on the 
83C51FA (diagram d). The capacitors must be as close 
to the component as possible. In fact the best location is 
under the chip or on top of it if packaging allows. The 
diagrams in figure 7 show the location and some typical 
values for the bypass capacitors. 
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OPEN LOOP & CLOSED 
LOOP 
SYSTEMS 


There are two types of motor control systems: open 
loop and closed loop. 


In the open loop system the controller outputs a signal 
to turn the motor on/off or to change the direction of 
the rotation based on an input that does not come from 
the motor. For example, the position of a manual or 
timer switch becomes the input to the controller, which 
varies the input to the motor. In another case, the con- 
troller may take input from data tables in the program 
to run, vary the speed, reverse direction, or stop the 
motor. 


Closed loop systems can use one or more of the above 
mentioned examples for the open loop system, plus at 
least one feedback signal from the motor. The feedback 
signal provides such information 
as speed, position, 
and/or direction of motion. 


Many applications require that a motor run at a con- 
stant speed. The controller has to continuously make 
adjustments 
to keep the speed within the limits. In 


some cases the speed of the motor is synchronized to 
another motor or moving part of the system. 


Depending 
on 
the 
type 
of 
feedback 
signal, 
the 
83C5lFA may have to use other modules of the PCA 
along with other on-chip peripherals such as Timer/ 
Counters, Serial Port, and the interrupt system to pre- 
cisely control a DC motor. 


The example in the following section uses one PCA 
module to generate PWM, and another modUle (in cap- 
ture mode) to receive feedback from a DC motor. 


The feedback comes from a sensing device which can 
detect motion. The sensing device may be an optical 
encoder, infrared detector, Hall effect sensor, etc. De- 
pending on the application, one or more of the above 
mentioned sensing devices may be suitable. 


The optical sensors should be encapsulated for better 
reliability. If they are not enclosed, factors such as am- 
bient light, dust, and dirt can lessen their sensitivity. 


Hall effect sensors are insensitive to any type of light. 
They change logic levels going into and coming out of a 
magnetic field. The sensing device is normally mounted 


inter 


on some stationary part of the system and the magnet is 
installed on the rotating part. The potential problem 
with the Hall effect sensors are that if the gap between 
the magnet and the sensing device is too big, the sens- 
ing device may not be affected by the magnetic field. 
Also the number of magnets is limited which means 
fewer feedback pulses will be provided. 


Whatever the means of sensing, the result is a signal 
which is fed to the controller. The 83C51FA can use 
the feedback signal to determine the speed and position 
of the motor. Then it can make adjustments to increase 
or decrease the speed, reverse the direction, or stop the 
motor. 


In the following example module 3 of PCA is set up to 
perform in the capture mode. In this mode module 3 
will receive feedback signals from a Hall effect transis- 
tor fixed behind a wheel which is mounted on the shaft 
of a DC motor. Two magnets are embedded on this 
wheel in equal distances from each other (180 degrees 
apart). Every time that the Hall effect transistor passes 
through the magnetic field, it generates a pulse. 


The signal is input to Pl.6 which is the external inter- 
face for module 3 of the PCA. In this example, module 
3 is programmed to capture on the rising edge of the 


input signal. The time between the two captures corre- 
sponds to '/. of a revolution. Thus, two consecutive 
captures can provide enough information to calculate 
the speed of the motor as explained in the next para- 
graph. By storing the value of the capture registers each 
time, and comparing it to its previous value, the con- 
troller can constantly measure and adjust the speed of 
the motor. Using this method one can run a motor at a 
precise speed, or synchronize it to another event. 


In the PCA interrupt service routine, each capture val- 
ue is stored in temporary locations to be used in a sub- 
tract operation. Subtracting the first capture from the 
second one will yield a 16-bit result. The resultant val- 
ue, which will be referred to as "Result" in the rest of 
this document, is in PCA timer counts. An actual RPM 
can be calculated from Result. Although the 83C51FA 
can do the calculation, it would be much faster to pro- 
vide a lookup table within the code. The table will con- 
tain values which have been calculated for a possible 
range of Results. 


The following code is an example of how to measure 
the period of a signal input 
to module 
3 of the 
83C51FA. The diagram in figure 8 shows how the peri- 
od corresponds to the rotation of the wheel. In the dia- 
gram "T" is the period and "t" is the time that the 
magnet is passing in front of the Hall effect transistor. 
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FLAG 
BIT 
HLBYTE_TMP 
LO_BYTE_TMP 
HLBYTE_RESULT 
LO_BYTE_RESULT 


o 
DATA 
DATA 
DATA 
DATA 


45H 
46H 
47H 
48H 


ORG 
OOH 
JMP 
BEGIN 


ORG 
33H 
JMP 
PCA_ISR 


BEGIN: 
MOV 
CMOD,#O 
MOV 
CCAPM3,#21H 
MOV 
CCAP3H,#9AH 
SETB 
IP.6 
MOV 
IE,#OCOH 
CLR 
FLAG 
SETB 
CR 


PCA_ISR: 
JB 
SETB 
MOV 
MOV 
CLR 
RETI 


CLR 
MOV 
SUBB 
MOV 
MOV 
SUBB 
MOV 
CLR 


SET PCA TIMER InPUT fOSC/12. 
MODULE 
3 IN POSITIVE 
CAPTURE MODE. 
PWM AT 60 PERCENT 
DUTY CYCLE. 
SET PCA INT. AT HIGH PRIORITY. 
ENABLE PCA INTERRUPT. 


FLAG,CAP_2 
; FLAG BIT IS SET TO SIGNIFY 
1st 
FLAG 
; CAPTURE 
COMPLETE. 
HI_BYTE_TMP,CCAP3H; 
SAVE FOR NEXT CALCULATION. 
LO_BYTE_TMP,CCAP3L 
CCF3 
; RESET PCA INT. FLAG MODULE 
3 


C 
A,CCAP3L 
A,LO_BYTE_TMP 
LO_BYTE_RESULT,A 
A,CCAP3H 
A,HLBYTE_TMP 
HI_BYTE_RESULT,A 
IE.6 


FOR SUBTRACT 
OPERATION. 
SUBTRACT 
OLD CAPTURE FROM NEW CAPTURE. 


HIGH BYTE SUBTRACTION. 
SUBTRACTION 
RESULT 
OF HIGH BYTE. 
DISABLE 
PCA INTERRUPT. 


In this example 
only one measurement 
is taken. 
That is why 
the PCA interrupt 
is disabled 
in the above line of instruction. 


RET_PCA: 
CLR 
RETI 
END 


It takes the 83C51FA no more than 250 bytes of code 
to control a DC motor. That is to run the motor at 
various speeds, monitor the feedback, use' electrical 
braking, and even run it in steps. However, the CPU 
time spent on the above tasks can add up to 70 to 75% 
of the total time available (clock frequency 12 MHz). 


can be done in less than 30.instructions. Thus, i.nan 
open loop system, the controller spends an insignificant 
amount of time on controlling the motor. However, in a 
closed loop system the controller has to continuously 
monitor the speed and adjust it according to the pro- 
gram and the feedback. 


The section of software which turns the motor on and 
off, or sets the speed is very short. In fact, all of that 


The rest of this section talks about electrical braking, 
stepping a DC motor, and offers examples of code to 
implement these techniques. 


Once a DC motor is running, it picks up momentum. 
Turning off the voltage to the motor does not make it 
stop immediately because the momentum will keep it 
turning. After the voltage is shut off, the momentum 
will gradually wear off due to friction. If the application 
does not require an abrupt stop, then by removing the 
driving voltage, the motor can be brought to a gradual 
stop. 


An abrupt 
stop may be essential to an application 
where the motor must run a few turns and stop very 
quickly 
at 
a predetermined 
point. 
This 
could 
be 
achieved by electrical braking. 


Electrical braking is done by reversing the direction of 
the motor. In order to run in reverse direction, the mo- 
tor has to stop first, at which time the driving voltage is 
eliminated so that the motor does not start in the new 
direction. Therefore the length of time that the revers- 
ing voltage is applied must be precisely calculated to 
ensure a quick stop while not starting it in the reverse 
direction. 
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and how long to maintain braking. It varies from motor 
to motor and application to application. But it can be 
perfected through trial and error. 


In a closed loop system, the feedback can be used to 
determine where or when to start braking and when to 
discontinue. 


During the electrical braking, or any time that the mo- 
tor is being reversed, it draws its maximum current. To 
a motor which is turning at any speed, reversing is a 
heavy load. The current demand of a motor, when it 
has been reversed,is much higher than when it has just 
been powered on. 


The following shows a code sample for electrical brak- 
• 
ing on a DC motor. The code is designed for the hard- 
ware shown in Appendix A. The subroutine DELAY 
provides the period that the reverse voltage is applied to 
the motor. The code for this subroutine is available in 
the TIME DELAYS section of this document. 


MOV 
MOV 
SETB 


CMOD.#O 
CCAPM1,#42H 
CR 


SET PCA TIMER INPUT fOSC/12. 
SETTING THE MODULE TO PWM MODE. 
PCA TIMER RUN. 


DRIVE MOTOR CLOCKWISE 
CLR 
PLO 
MOV 
CCAP1H,#00 
P1.0 AND THE PWM OF MODULE 
1- 
CONTROL THE SPEED AND DIRECTION. 


00 IN THIS REGISTER PUTS OUT MAX PWM 
(LOGICAL 1) 
CALL 
STOP_MOTOR 


STOP_MOTOR: 
SETB 
MOV 
CALL 
CLR 
RET 


PLO 
CCAP1H,#OFFH 
DELAY 
PLO 
WAITING FOR 0.5 SECOND. 
REDUCING VOLTAGE 
TO O. 
RETURN FROM SUBROUTINE. 


Using the 83C51FA, it is possible to run a simple DC 
motor in small steps. The resolution of the steps will be 
as high as the resolution of the encoder. If this resolu- 
tion is sufficient, here is a technique to run a DC motor 
in steps. 


Using a gear box to gear down the motor will increase 
the resolution of steps. However, putting too much load 
through the gears will cause sluggish starts and stops. 


Electrical braking is used in order to stop the motor at 
each step. Therefore, the routine that runs the motor in 
steps will consist of turning it on with full force, waiting 
for certain period, and stopping it as fast as possible. 
The wait period depends on the number of steps per 
revolution. 


As the steps and the intervals between them become 
smaller, the average current demand of the motor in- 
creases. This is because the motor is operated at its 
maximum torque condition every time it starts to rotate 
and every time it is reversed for electrical braking. 


The following code sample shows a continuous loop 
which runs the motor in steps. The number of steps per 
revolution depends on the duration of the delay gener- 
ated by DELAY subroutine. Subroutine WAIT pro- 
vides the time between the steps. 


Subroutine DELAY is the period of time that the mo- 
tor is kept in reverse. This period must be determined 
through trial and error for each type of motor and sys- 
tem. 


While the 83C5lFA is controlling a motor it must fre- 
quently wait for the motor to move to certain position 
before it can proceed with the next task. For example, 
in the case of electrical braking when the controller 
reverses the polarity of voltage across the motor, de- 
pending on the type, size, and the speed of the motor, it 
may have up to a second of CPU time before it will 
turn the motor ofT. 


The wait may be implemented in different ways. Any of 
the Timer/Counters 
or unused PCA modules could be 
utilized to provide accurate timing. The advantage in 
using the timers is that while the timer is counting, the 
processor can be taking care of some other tasks. When 
the timer times out and generates an interrupt the proc- 
essor will go back and continue servicing the motor. 


If there are no timers or PCA modules available for this 
purpose, a software timer maybe set up by decrement- 
ing some of the internal registers. In this method the 
processor will be tied up flounting up or down and will 
not be able to do anything else. An example of such a 
timer is: 


CLR 
MOV 
PLO 
CCAPlH,#O 
SET DIRECTION 
CLOCKWISE 
MAX PWM 


The above 
instruction 
sets the motor 
running 
clockwise. 
The controller 
can 
be doing other tasks 
if need be, or just stay in a wait loop, then stop the 
motor 
as shown below. 


SETB 
MOV 
CALL 
CLR 
CALL 
JMP 


PLO 
CCAPlH,#OFFH 
DELAY 
PLO 
WAIT 
LOOP 


WAIT FOR IT TO STOP. 
REDUCE 
VOLTAGE 
TO O. 
TIME BEFORE NEXT STEP. 


inter 


MOV 
MOV 
DELAY-LOOP: 
DJNZ 
DJNZ 
RET 


R4,#25 
R5,#255 
(decimal) 
(decimal) 


R5,DELAY-LOOP 
R4,DELAY-LOOP 


Let us assume that it will take a motor 500 milliseconds 
to stop from its CW rotation and we are going to use 
Timer/Counter 
0 to provide the wait period. Subrou- 
tine DELAY 1 will keep track of this timing. Module 1 
of PCA is selected to provide the PWM. 


Subroutine 
DELAY 
provides approximately 
6.4 ms 
with a 12 MHz clock or 4.8 milliseconds with a 16 
MHz clock. The length of this delay can be controlled 
by loading smaller or larger values to R4 to vary from 
260 microseconds up to 65 milliseconds at 12 MHz or 
48 milliseconds at 16 MHz oscillator frequency. Larger 
delays may be obtained by cascading another register 
and creating an outer loop to this one. 


ORG 
OBH 
JMP 
TlMER_INTERRUPT_ROUTINE 


CLR 
MOV 
PleO 
CCAPlH,#O 
SET DIRECTION 
CW 
MAX PWM 


Now the motor 
is running 
and the controller 
can do other tasks. 
Some typical 
tasks are called 
in the following 
segment. 


BUSY-LOOP: 
CALL 
CALL 
CALL 
JNB 


MONITOR_DISPLAY 
SCAN_KEY-BOARD 
SCAN_INPUT_LINES 
STOP_FLAG, BUSY_LOOP 


STOP_FLAG 
gets set by a feedback 
signal and denotes 
that the motor must 
stop. 


SETB 
MOV 
CALL 
CLR 


SETB 
SETB 
MOV 
MOV 


PleO 
CCAPlH,#OFFH 
DELAY 
PleO 
WAIT TILL MOTOR 
STOPS 
REDUCE 
VOLTAGE 
TO 0 


EA 
ETO 
TLO,#OD8H 
THO,#5EH 


• 


SETB 
TRO 
MOV 
R7.#8 
; timer 0 must rollover 


timer 0 on 
keep track of how many times 


MONITOR_LOOP: 
CALL 
CALL 
CALL 
JB 
RET 


MONITOR_DISPLAY 
SCAN_KEY-BOARD 
SCAN_INPUT_LINES 
TRO.MONITOR_LOOP 


TIMER_INTERRUPT_ROUTINE: 
DJNZ 
R7.FULL_COUNT 
CLR 
TRO 


To implement a 500 milliseconds delay, timer 0 is used 
here. In mode I timer 0 is a 16-bit timer which takes 
65.535 milliseconds at 12 MHz to roll over. Dividing 
500 milliseconds to 65.535 shows that timer has to 
overflow more than 7 times but less than 8 times. How 
much more than 7 times? The following calculation 
yields the initial load value of the timer. 


500 - 458.745 = 41.255 millisecondsor 41255 
microseconds. 


In hexadecimal it is A127H. The initial load value is 
the complement of this value which is 5ED8H. 


The 83C51FA with all its on-chip peripherals is a sys- 
tem on one chip. It can simplify the design of a control 
board and reduce the chip count. Up to 5 DC motors 
can be controlled while doing other tasks such as moni- 
toring feedback lines, human interfacing (scanning a 
keyboard, displaying information), and communicating 
with other processors. The MCS-51 powerful instruc- 
tion set provides maximum flexibility with minimum 
hardware. 


With its onboard program memory capability, the need 
for the external EPROM and address latch is eliminat- 
ed. The 83C51FA can have up to 8K bytes of code and 
the 83C51FB can have up to 16K bytes of code on- 
board. 


This microcontroller 
can be used in industrial, com- 
mercial, and automotive applications. 


Figure A-I shows a symbolic view of the L293B driver. 
This driver has 4 channels but only two are shown here. 
Note the inputs A and B and how they are related to 
each other. You can input the PWM to either one of 
the inputs and by toggling the other input start or stop 
the motor. While running, the PWM input controls the 


speed. Pin PIA corresponds to module I of the peA, 
and pin Pl.O is used as a regular I/O pin. 


Figure A-2 shows the schematic of the motor driver, 
motor, feedback path, and the supporting components. 
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Using the 8051 Microcontroller with Resonant 
Transducers 
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I. RF.SONANT 
TRANSDUCF.RS 
M 
OST 
sensing transducers 
are not directly compatible 
with digital controllers. 
because they generate analog 


signals. A few transducer companies are developing proprie- 
tary families of sensors which generate signals Ihat are more 
directly compatible wilh digital syslems. These are not analog 
sensors wilh built-in A-O conversion. but oscillators whose 
frequency 
depends 
in some known way on Ihe physical 
property being measured. 
The technology 
is applicable 
to virtually 
any type of 
measurand: 
pressure. 
gas density. 
posilion. 
temperature. 
force. etc. The sensor and microcontroller can operate from 
the same supply voltage. so the sensor can in most cases 
conneCI directly to a port pin on the microcontroller. 


The nominal reference frequency of the output signal from 
these devices is in the range of 20 Hz-500 kHz. depending on 
the design. 
A change 
in the measurand 
away 
from the 
reference condition causes the frequency to shitt by an amount 
Ihat 
is related 
to the 
change 
in the 
measurand 
value. 


Trdnsducers are available that have a full-scale frequency shift 
of 2-1. The microcontroller detects Ihe change in frequency or 
period and converts it in sottware to the measurand value. 


II. CONNH"TIN<i 
'H~ O'larAI. TRI\NSllllnRTOTHF.8051 


Normally the transducer outpul can be conncl·ted directly to 
one of the 8051 port pins. An exception would occur when the 


transducer signal docs not restrict itsclf to the voltage range of 
-0.5 
to +5.5 V. 
The 8051 is not sensitive 10the rise and fall times of ils input 
signals. It detects transitions by sampling its port pins at fixed 
inlervals (once per machine cycle). and responds to a change 
in the sequence of samples. If the slew rate of the transducer 
signal is extremely slow. noise superimposed on the signal 
could cause the sequence of samples to show false transitions. 
There could on thai account 
be situations 
in which the 
transducer signal should be buffered throogh a Schmitt Trigger 
to square it up. 


III. T,MF.R/COUNTF.R 
STRUCTURF. 
INTHF.8051 


The 8051 has two 16-biltimer/counters: 
Timer 0 and Timer 
I. Both can be configured 
in software to operate eilher as 
timers or as event counters. 


In the 
"Iimer" 
function. 
the regisler 
is automatically 
incremented every machine cycle. Since a machine cycle in 
the 8051 consists of 12 clock periods. 
the timer is being 
incremented at a constant rate of 1/12 the clock frequency. 


In the "counter" 
function. the register is incremented in 
response 10 a I-to.o trans ilion at its corresponding 
external 
input pin (TO or n). The way this function works is the 
euernal 
input pin is sampled once each machine cycle (once 
every 12clock periods). and when the samples show a high in 
one cycle and a low in the nexi. the coont is incremented. 
Note too that since it takes two machine cycles (24 clock 
periods) to recognize a I-to.o transition. the maximum coont 
rate is 1124 the clock frequency. If the clock frequency is 12 
MHz. the maximum coonl rate is 500 kHz. There are no 
requirements on the duty cycle of the signal being counted. 


The 8052. an enhanced version of the 8051. has three 16-bil 
timer/counters. two of which are idenlicallo those in the 8051. 
The third timer/counter can operate either as a 16-bit timer/ 
counter wilh automatic reload to a preset 
16-bit value on 
rollover. or as a 16-bittimer/coonter 
with a "capture" 
mode. 


In the capture mode a 1-10-0transition at the T2EX pin causes 
the currenl value in the counting register to the "captured" 
into RAM. The third timer makes the 8052 particularly easy to 
interface with resonant transducers. 


IV. WHF.THF.R 
TOMF.ASURF. 
FRF.QUF.NCY 
ORPF.RIO" 


Measuring 
the 
frequency 
requires 
Cllunting transducer 
pulses for a fixed sample time. Measuring the period requires 
measuring elapsed time for a fixed number of transducer 
pulses. For a given level of accuracy in the determination of 
the value of the measurand. il is usually faster to measure lhe 
period. rather than the frequency. even if the measurand is 
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:~opontnal 
to frequency rather than period. However. both 
types of measurements will be discussed here. 
Two timer/counters can be used. one to mark time and the 
other to count lransducer 
pulses. 
If the frequency 
being 
counted does not exceed SOkHz or so. one may equally well 
connect the transducer signal to an external interrupt pin. and 
count transducer pulses in software. That frees one timer, with 
very little cost in CPU time. 


V. How TOMEASURETRANSDUCER 
FREQUENCY 


Measuring the frequency means counting transducer pulses 
for some desired sample time. The count that is directly 
obtained is T x F, where T is the sample time and F is the 
frequency. The full scale range is T x (Fmax - 
Fmin). 
For 
n-bit resolution 


I LSB = _T_x_(_Fi_m_a_x 
_-_Fi_m_i_n)_ 
. 
2" 


Therefore. the sample time required for n-bit resolution is 


2" 


For example, 
8-bit resolution 
in the measurement 
of a 
frequency that varies between 5 and 10kHz 
would require. 
according to this fonnula, 
a sample time of 51.2 ms. The 
maximum acceptable frequency count would be 51.2 ms x 10 
kHz 
= 
512 counts. The minimum would be 256 counts. 
Subtracting 256 from each frequency count would allow the 
frequency to be reponed on a scale of 0 to FF in hex digits. 


If Fmin aod Fmax are closer together it takes more time to 
resolve 
them. 
8-bit resolution 
in the measurement 
of a 
frequency that varies between 7 and 9 kHz would require a 
sample 
time 
of 
128 ms. 
The 
maximum 
and 
minimum 
acceptable counts would be 1152 aod 896. Subtracting 896 
from each frequency count would allow the frequency to be 
reponed on a scale of 0 to FF in hex digits. 


To implement the measurement. 
one timer 
is used to 
establish the sample time. In this function it autoincrements 
every machine cycle. A machine cycle consists of 12 periods 
of the clock oscillator. The sample time can be convened to 
machine cycles by multiplying it by (Fxtal)/12. where Fxtal is 
the 80SI clock frequency. The timer needs to be preset so that 
it rolls over at the end of each sample time. Then it generates 
an interrupt. aod the interrupt routine reads and clears the 
transducer pulse counter, aod then reloads the timer with the 
correct preset value. 


The preset or reload value is the two's complement negative 
of the sample time in machine cycles. For example, with a 12- 
MHz clock frequency. the reload value required to establish a . 
S I.2 ms sample time is 


(51.2 ms) x (12000 kHz) 
- 
12 
--51200=3800H. 


In many cases the required sample time exceeds the capacity of 
a l6-bit timer. For example, establishing a 128 ms sample 
time with a 12-MHz clock frequency requires a 3-byte timer 
with a reload of FEOCOOH.The 80SI timer, being only 2- 


bytes wide, can be augmenled 
in software 
in the timer 
inlerrupt 
routine to three byles. 
The 
80SI has a DJNZ 
instruction (decrement and jump if not zero) which makes it 
easier to code the third limer byte to count down instead of up. 
If the third timer byle counts down, its reload value is the 
IwO'Scomplement of what it would be for an up-counter. For 
example, 
if lhe two's 
complemenl of lhe sample time is 
FEOCOOH,then lhe reload value for the third timer byte would 
be 02, instead of FE. The timer interrupt routine might lhen be 


DJNZ 
THIRDJIMER..BYTE.OUT 
MOV 
TLO.#O 
MOV 
THO.#OCH 
MOV 
THIRDJIMER..BYTE.#02 
(Now read and clear the 
transducer pulse counter.) 
OUT: RETI 


Interrupt latency will have no effect on the measurement if the 
latency is the same for every sample lime. 


The trouble with measuring the frequency is it is not only 
slow. but a waste of the resolving power of the 805 I's timers. 
A timer with microsecond resolulion is being used to mark off 
100-ms time periods. The technique is nevenheless useful if 
the timer 
is already 
serving other 
purposes 
(servicing 
a 
display. perhaps). so thallhe sample lime is coming relatively 
free of charge. 
BUI in most cases it is faster and equally 
accurate to measure the frequency by deriving 
it from a 
measurement of the period. 


VI. How TOMEASURETHEPERIOD 


Measuring 
the period 
of the 
transducer 
signal 
means 
measuring the total elapsed time over N-transducer 
pulses. 


The quantity that is directly measured is N x T, where Tis 
the period of the transducer signal in machine 
cycles. The 
relationship between T in machine cycles and the transducer 
frequency F in arbitrary frequency units is 


FXlal 
T=-y-X(I/12) 


where Fxtal is the 805 I clock frequency, in the same unit as F. 


The full scale range lhen is N x (Tmax - 
Tmin). For n-bit 
resolution 


I LSB = _~_x_(_1i_m_a_x_-_1i_m_i_n_) 
. 
2" 


Therefore. the number of periods over which the elapsed time 
should be measured is 


2" 


Tmax-Tmin 


However. N must also be an integer. II is logical to evaluate 
the above formula (do not forgel that Tmax and Tmin have to 
be in machine cycles) and select for N the next higher integer. 
This selection gives a period measurement that has somewhat 
more than n-bit 
resolution. 
which 
mayor 
may not be 
acceptable. 
depending 
on the overall 
requirements 
of the 
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system. It can be scaled back to n-bit resolution, if necessary, 
by the following computation: 
NT-NTmin 
reponed 
value =-N-1i-m-a-x---N-1i-m-in- 


where NT is the elapsed time measured over N periods. 


The computation can be done in math if a suitable divide 


routine is available in the software. For 8-bit resolution it is 
entirely reasonable to find the reponed value in a look-up 
table, which would take up somewhat more than one page in 
ROM. In fact, the look-up table would contain NTmax 
- 
NTmin entries. 


For example, 
suppose we want 8-bit resolution 
in the 
measurement of the period of a signal whose frequency varies 
from 5 to 10 kHz. If the clock frequency is 12 MHz, then 
Tmax is (\2 000 kHz)/(12 x 5 kHz) = 200 machine cycles, 
and Tmin is 100 machine cycles. The timer needs to be on then 
for N = 2.56 periods, according to the fonnula. Using N = 3 
periods will give maximum and minimum NT values of 600 
and 300 machine cycles. This is somewhat more than 8-bit 
resolution. It can be scaled to 8 bits with a 3()()"bytelook-up 
table, if desired. 


To implement the measurement, 
one timer 
is used to 
measure 
the elapsed 
time NT. Enabling 
its interrupt 
is 
optional. The timer interrupt could be used to indicate a shon 
or open in the transducer circuit. 


Then the transducer 
is connected to one of the external 
interrupt pins (INTO or INTI), and this interrupt is configured 
to the transition-activated 
mode. In the transition-activated 
mode every 
I-to-{) transition in the transducer output will 
generate an interrupt. The interrupt routine counts transducer 
pulses, and when it gets to the predetermined N, it reads and 
clears the timer. For example 


DJNZ 
PULSES,OUT 
MOV 
PULSES,N.PERIODS 
(Read and clear timer.) 
OUT: RETI 


If other interrupts are also to be enabled, the one connected to 
the transducer should be set to Priority I, and the others to 
Priority O. This is to control the interrupt response time. The 
response time will not affect the measurement if it is the same 
for every measurement. Variations in the response time will. 
however, affect the measurement. 
Setting the pulse-eounter 
interrupt to Priority I and all others to Priority 0 will minimize 
variations in the response time. The response time will then be 
limited to range from 3 to 8 machine cycles. 


VII. PuLSEWIDTH 
MEASUREMENTS 


The 8051 timers have an operating mode which is panicu- 
larly suited to pulsewidth measurements, 
and may be useful 
here if the transducer 
has a fixed duty cycle, 
or if the 
transducer 
output is pulsewidth 
modulated 
instead of fre- 
quency modulated by the measurand. 


In this mode the timer is turned on by the on-ehip circuitry 
in response to an input high at the eltternal interrupt pin, and 
off by an input low. The external interrupt itself is enabled, so 
the same I-to-{)transition from the transducer that turns off the 


timer also generates an interrupt. The interrupt routine would 
then read and reset the timer. 


The advantage of this method is that the transducer signal 
has direct access to the timer gate, 
with the result that 
variations in the interrupt response time cease to be a factN 
The timer can be read and cleared any time before the next 
high in the transducer output. 


VIII. DERIVINGFREQUENCY 
FROMA PERIODMEASUREMENT 


We now consider the problem of measuring the transducer 
frequency to n-bit resolution by deriving 
it from a direct 


measurement of the period. The advantage of this technique is 
speed. It is always faster to measure period than frequency. 
But it is imponant to end up with a frequency value that has the 
same resolution and accuracy as a directly measured fre- 
quency. Two questions need to be addressed. 


I) To achieve n-bit resolution in the calculated frequency, 


how much resolution is required in the period? 
2) Having measured the period to the required resolution, 
what is the most efficient way to calculate the frequency? 


These questions will be addressed one at a time. 


IX. RESOLUTION 
REQUIREMENTS 


In general, 
n-bit resolution in the frequency 
derivation 
requires somewhat more than n-bit resolution in the period 
measurement. 
How much more? It will be demonstrated 
presently that if the transducer frequency varies over a 2-to-l 
range, the frequency can be calculated with n-bit resolution 
from period measurements that have (n + I)-bit resolution. 


The more practical form of the question is over how many 
periods (N) must the transducer signal be sampled to obtain 
the required 
resolution 
in F? 
And so, 
we commence 
a 
calculation of N. 
The basic calculation of frequency from N x T (which we 
shall call NT) is straightforward: 


The relationship between an increment dF in the calculated 
frequency due to an increment d(NT) in the measured period 
is, therefore, 


N 
dF= --- 
d(NT) 
(NT)' 


F2 
= --,;; d(NT). 


This equation says the value of an LSB in the calculated 
frequency is (F2)1N x the value of an LSD in NT. Then the 
mlltimum value that an LSD in the calculated frequency can 
have is (Fmax)lIN x the value of an LSD in NT. For the 
calculated frequency to have n-bit resolution over the entire 
range of frequencies, the value of its LSD must never exceed 
(Fmalt - 
Fmin)/2". 
Therefore, the measurement requires 


(Fmax)l 
--N- 
x (\ LSD in NT) So 
Fmalt-Fmin 


2" 


• 


intJ 


I LSB in NTs_N_X_(Fi_m_ax_-_F_m_in). 


2" x (Fmax) , 


Nx(l/Fmin-I/Fmax) 


2'" 


Substituting this value for I LSB into the required resolution 
and solving for 2'" yields 


Fmax 
2'"~--x2". 
Fmin 


m ~ n + _1_n_(_Fi_m_a_x_/ 
Fi_m_in_)_ 
In (2) 


It can be stated with some certainty. then. that if the transducer 
frequency varies over a range of 2-to-l. the frequency can be 
calculated with 8-bit resolution from a period measurement 
that has 9-bit resolution. If the frequency variation is less than 
2-to-l. another full bit of resolution in the period measurement 
is not needed. 


To obtain m-bit resolution in NT. N must satisfy 


2'" 
N~ 
Tmax_ Tmin 


Substituting for 2'". and using T max = II F min and Tmin = 
II F max. gives the result that 


N~ 
(Fmax) , 
x2". 
Fmax-Fmin 


It should be noted that the units of frequency here are 
periods/machine 
cycle. 
since the 8051 measures 
time by 
counting machine cycles. The conversion factor between Hz 
and periods/machine 
cycle is 12/(clock frequency). 
So the 
requirement on N can also be written 


Fmax 
Fmax 
N~-----x--x 
12x2" 
Fmax - Fmin 
Fxtal 


where Fxtal is the 8051 clock frequency in the same units as 
Fmax and Fmin. This is the number of transducer pulses over 
which the transducer signal must be sampled to lIChieve the 
required solution 
in F. 
For example. suppose that 8-bit resolution is required in F, 
where Fmax = 10 kHz and Finin = 5 kHz. and that Fxtal 
= 12 MHz. Then the above calculation shows that N = 6 
periods gives sufficient resolution in the period measurement 
to satisfy the resolution requirement in F. Six periods will take 
0.6-1.2 
ms of sampling time, on that frequency range. Recall 
that the sample time for a direct frequency measurement of the 
same signal and to the same resolution was earlier calculated 
to be 51.2 ms. 


X. COMPUTING 
THE FREQUENCY FROM THE PERIOO 


The period measurement leaves one with a 16-bit integer. 
which is N x T (or NT) in machine cycles. The conversion to 
frequency is straightforward: 


F=N/(NT) 
periods/machine cycle. 


The quantity of interest is probably not F, but a normalized 
measure of the amount by which F exceeds its minimum 
acceptable value. This quantity represents. through the trans- 
ducer's 
transfer 
function. 
the 
••reported 
value" 
of 
the 
measurand. and this quantity is an n-bit integer whose value 
ranges from 0 (all bits = 0) to full scale (all bits = I). This 
normalized frequency is 


F-Fmin 
f =Fmax - Fmin 


Fmin 


- Fmax-Fmin 
x(FIFmin-l) 


Using F = N/(NT) 
and F min = N/(NT 
max) allo",~ the 
normalized frequency to be written 


f - 
Fmin 
x NTmax- NT 
Fmax - Fmin 
NT 


To get a handle on what kinds of numbers are involved here. 
consider the situation where 8-bit resolution is required inf. 
and in which Fxtal = 12 MHz. Fmax = 10 kHz. and Fmin 
= S kHz. We have previously determined that for this set of 
conditions. N = 6 periods gives sufficient resolution in the 
period measurement to satisfy the resolution requirement in F 
(and in}). With a 12 MHz clock frequency. Tmaxin machine 
cycles is (12 000 kHz)/(l2 
x 
S kHz) = 200 machine cycles. 


so NTmax is 6 
x 
200 = 
1200 ffilIChine cycles. 
The 
calculation for f then becomes 


1200-NT 
f 
NT 
. 


The minimum acceptable value that NT can have is (N x 
Tmin + I). where Tmin = (12000 
kHz)/(l2 
x 10 kHz) = 
100 machine cycles. Then N x 
Tmin = 6 x 
100 = 600 
machine cycles. The allowable values for NT are then 601- 
1200 machine cycles. a total of 599 different values. 
The fastest way to "calculate" I would be with a 599-byte 
. look-up table. This method has the added advantage that 
nonlinearities in the transfer function between frequency and 
measurand can be built into the table. Look-up tables are 
facilitated in the 8051 by the MOVC A.@A+PC, 
and MOVC 
A.@A+ DPTR instructions. DPTR is a 16-bit "data pointer" 
register 
in the 8051. 
Its two bytes 
can be 
individually 
addressed as DPL (low byte) and DPH (high byte). 


In the example under discussion. it will be necessary to load 
DPTR with the address of the first byte of the look-up table. 
less 601. plus the 2-byte value of NT. The software that 
accesses the table might then take the following form: 


TABLE EQU (address of first table entry) 


inter 


,., 
l. 


.It'! 1 I ~.. 
N" I 
du 


t I 
nuft,,~r.tOI 
:; 
qn 
,.. 0 
tl'l(rl 
"I \~ 


IT'lr r"",fOnt 
" 
.nL,.,I'II. 


dt'I'IDIfII 
".tor 
1:"1''' 
"U",,,r.tC"T'" 
nu",,,rlltor 
•• :2 


q,.. 
•• 
to 
"I ". 
qn 
.•. I 
nu",,,r.tor 
nu",,,r<lltor 
- 
dt'nDII'I\n.' 
or" 


MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 
CLR 
MOVC 


A,NLOW(TABLE-60I) 
A,NU-O 
DPL,A 
A,NHIGH(TABLE - 601) 


A ,NUll 
DPH,A 
A 
A,@A+DPTR. 


At this point the accumulator contains the 8-bit value of f. 
It is perfectly reasonable to decide that a 599-byte look-up 
table is unwieldy. Its advantages are speed and built-in error 
correction. 
But a reasonably fast divide algorithm can be 
written to this specific purpose, 
making use of 
Q priori 
knowledge about the sizes of the numbers that are involved in 
the computation. 
It helps to know that in this example the 
numerator 
is never going to be larger than 599 and the 
denominator is always greater than the numerator. 
A complete diSCUSSionof divide routines is beyond the 
scope of this paper, but a suitable divide algorithm for this 
specific application is shown in Fig. I. Reference [II calls this 
the Restoring division algorithm. II is particularly well suited 
to the 8051. because ••< .. comparisons are greatly facilitated 
~y the. 8051's 
CJNE 
(compare 
and jump 
if not equal) 
mstructlon. CJNE A,B,rel, executes a relative jump if A does 
~ 
equal 
B. More 
importantly 
to this 
application. 
the 
mstruction sets the carry flag if A < B. 


XI. 
ACCURACY 
AND 
RESOLUTION 


The 
accuracy 
with which 
the 8051 will measure 
the 
frequency or period of the transducer signal depends on two 
things: the accurdcy of the clock oscillator and variations in 
the interrupt response time. 


Since the clock signal is normally generated by a crystal 
oscillator. the oscillator accuracy normally far exceeds the 
quantizing error inherent in the finite (n-bit) resolution. 


As was previously mentioned. interrupt response time does 
not introduce 
an error 
into the 
measurement 
itself, but 
variations. in .the 
i'nterrupt response 
time 
can. 
Interrupt 
response time m the 8051 can vary from 3 to 8 machine cycles. 
dependmg on what instruction is in progress at the time the 
interrupt is generated. This would represent an error of ± 5 
counts 
in the 
measured 
value 
of 
NT 
during 
a period 
measurement. 
An error 
of 
± 5 counts 
in NT 
does 
not 
necessarily translate to ± 5 LSB's in the final result. but it 
might still represent an error that exceeds the resolution. 


In a direct frequency measurement variations in the inter- 


rupt response time would represent an error of ± 5 ",s in the 
sample time. 


If these kil.ds of errors are unacceptable there are ways to 
deal with them. In period measurements. if the duty cycle of 
the transducer 
is constant. 
the 
pulsewidth 
measurement 
technique. previously described. can be used. lis advantage is 
lIiat it gates the timer off when the interrupt is generated. 
rather than when the interrupt is responded to. 


In other cases one can simply increase the sample time 
above the minimum required to obtain the desired resolution. 
For example. if the measurement requires 8-bit resolution one 
can design the software for an II-bit resolution and tru~eate 
the result to 8 bits. 
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Uicrocontrollers 
are 
rapidly 
becoming 
the 
backbone 
of 
silicon 
computing 
systems. 
From 
a 
technical 
standpoint, 
the 
most 
significant 
attribute, 
aside from the 
inclusion 
of 
RAM 
and 
ROM, 
that 
segregates 
a 
microcontroller 
from 
a 
microprocessor 
is 
I/O manipulation. 
In 
general, 
I/O 
manipulation 
is an 
intimate 
part of a 
microcontroller's 
architecture. 
The 
instruction 
set 
and 
architecture 
of a 
microcontroller 
allows 
the 
CPU 
to 
directly 
control the I/O facilities 
on 
the device. 
This 
is in direct contrast 
to a 
microprocessor 
where 
the 
I/O is 
~ssenti~11y 
a "sea" of addresses 
anu 
it 
is up to the hardware de&igner 
to place 
some 
type of I/O 
hardware 
in this I/O 
"sea". 
It should be obvious 
that simply 
adding 
ROM and RAM to a microprocessor 
WILL 
NOT creale a microcontroller. 


This 
intimate 
contact 
with 
I/O 
gives 
the 
microcontroller 
a 
distinct 
advantage 
OYer 
the 
microprocessor 
in 
applications 
that 
are I/O 
intensive. 
Microcontrollers 
can 
test, 
set, 
complement, 
or clear 
I/O port pins much 
faster 
than a 
microprocessor 
and 
they 
can 
also 
make decisions, 
based on the 
state of other hardware 
features, 
such 
as 
timer/counters 
with 
equal 
speed. 
This 
integration 
of 
I/O, 
in 
both 
hardware 
and 
software 
makes 
the 
microcontroller 
"ideal" 
for many 
types 
of 
intelligent 
instrumentation. 


4K ROM/EPROM 
- 8K ROM ON 8052 
128 BYTES OF RAM - 256 ON THE 
8052 
2-16 BIT TIMER/COUNTERS 
- 3 ON THE 
8052 
FULL 
DUPLEX 
UART 
5 VECTORED 
INTERRUPTS - 6 ON THE 8052 
4 REGISTER 
BANKS 
BIT MANIPULATION 
(BOOLEAN PROCESSOR) 
32 DIRECTLY 
ADDRESSABLE 
I/O PINS 
MULTIPLY 
AND DIVIDE INSTRUCTIONS 
SUPPORTS 
64K OR RAM AND ROM-128K 
TOTAL 


Intel's 
KCS-5l 
series 
Of 
~icrocontrollers 
Contain 
many 
features 
that 
can be 
integrated directly 
into 
many 
types of instruments. 
TABLE 
1 is a 
brief 
listing 
of 
these 
features. To 
illustrate 
the power of 
the 8051 this 
paper 
will 
elaborate 
on two techniques 
for performing 
analog 
to digital 
(A 
to 
0) conversion. 
Both of 
these examples 
assume 
that some additional 
hardware 
is 
attached 
to the I/O pins of the 8051. 


Successive 
approximation 
analog ~o 
digital 
conversion 
involves a 
"binary 
search" 
of an unknowll voltage 
relative 
to 
~ 
"fixed" 
known 
reference. 
The 
reference 
is 
selectively 
divided 
by 
multiples 
of 
two 
until 
the 
desired 
accuracy 
is 
reached. 
Figure 
1 
is 
a 
flowchart 
of a successive 
approximation 
converter. 
This 
technique 
usually 
requires 
a digital 
to 
analog 
converter 
to 
divide 
the reference voltage 
and a 
voltage 
comparator 
to 
compare 
the 
unknown 
voltage 
to 
·the 
"divided" 
reference. 
Digital 
to 
analog 
converters 
and voltage 
comparators 
are 
readily 
available 
and 
rel&tively 
inexpensive. 
A block diagram 
of an 8051 
based 
A to 
D 
converter 
is shown 
in 
Figure 
2. 


Many 
industrial 
A to D 
converters 
require 
12 
bits of 
accuracy. 
A 
12 bit 
converter 
provides 
good 
"dynamic 
range" 
and 
is ~apable 
of resolving 
1 part 
in 
4096. 
If 
the 
applied 
input 
voltage 
ranges 
from 
0 
to 10 Volts, 
a 12 
bit 
converter 
can 
resolve 
2.4 
millivolts 
within 
this 
range. 
The 
theoretical· 


accuracy 
of a 12 bit converter 
is .024\ 
+/- 1/2 least 
significant 
bit. 


The power of the 8051 
in this type 
of 
application 
is 
best 
revealed 
by 
examining 
the 
software 
required 
to 
implement 
the successive 
approximation 
algorithm. 
The 
routine 
for 
the 8051 is 
shown 
in Table 
2. 


The 
execution 
times given 
assume a 
12 
Mhz 
crystal. 
Compare 
this 
to 
the 
following 
routine which 
is a 4 Mhz 
Z-80 


TABLE 
2. SUCCESSIVE 
APPROXIMATION 
ROUTINE FOR THE 8051. 


INSTRUCTION 
BYTES 
TIME 
. 
;CLEAR PORT PINS 


'" 
MOV 
P1,tO 
3 
2 
lXl'E 
ANL 
P2,tOFOH 
3 
2 
. 
;START CONVERSION 


SETB 
P2.3 
2 
1 
JNB 
P2.4,L1 
3 
2 • 


CLR 
P2.3 
2 
1 
L1: 
·SETB 
P2.2 
2 
1 
JNB 
P2.4,L2 
3 
2 
CLR 
P2.2 
2 
1 


"" 
L2: 
SETB 
P2.1 
2 
1 
JNB 
P2.4,L3 
3 
2 
CLR 
P2.1 
2 
1 
L3: 
SETB 
P2.0 
2 
1 
JNB 
P2.4,L4 
3 
2 
CLR 
P2.0 
2 
1 
L4: 
SETS 
P1.7 
2 
1 
JNB 
P2.4,LS 
3 
2 
CLR 
Pl.7 
2 
1 
LS: 
SETS 
P1.6 
2 
1 
JNS 
P2.4,L6 
3 
2 
FtGlMl1. sucaSSnt 
Amtall*TtOti 
CLR 
P1.6 
2 
1 
COIIY(ltSIOII 
AlGiOlITHM 
L6: 
SETS 
P1.S 
2 
1 
JNB 
P2.4,L7 
3 
2 
CLR 
P1.S 
2 
1 
L7: 
SETS 
P1.4 
2 
1 
JNS 
P2.4,L8 
3 
2 
'1. 
lIT 0 
CLR 
Pl.4 
2 
1 
'1.1 
lIT 1 
LB: 
SETS 
Pl.3 
2 
1 
'1. 
lIT Z 
JNB 
P2.4,L9 
3 
2 
01. 
liT J 
CLR 
Pl.3 
2 
1 
'1. 
liT. 
L9: 
SETS 
Pl.2 
2 
1 
'1. 
lIT I 
JNS 
P2.4,LlO 
3 
2 
'1. 
lIT I 
CLR 
Pl.2 
2 
1 
'1. 
lIT 1 
LlO: 
SETS 
Pl.l 
2 
1 
8 
0 
JNB 
P2.4,Lll 
3 
2 
0 
T 
CLR 
Pl.l 
2 
1 
5 
0 
Lll: 
SETB 
Pl.O 
2 
1 
A 
1 
oz.. 
JNB 
P2.4,Ll2 
3 
2 
I 
n. 
CLR 
Pl.O 
2 
1 
8 
• 
n. 
, 
7 
0 
n. 
Ll2: CONVERSION 
CCMPLETE 
5 
I 
T 
n. 
1 
n. 
Z 
••• 
TOTAL 
90 
46 OS 
••• 
-.0111 
NOTE: 
TlMING 
IS TYPICAL 


_TllIl 
WORST CASE • 52 OS 
__ 


BEST CASB 
• 40 OS 
"_I. ...1_._I'll_111m_ 
1"1-..0 


executing 
the same algorithm with 
the D 
to 
A hardware 
attached 
to an I/O 
port 
is 
shown 
in Table 
3 
(assume 
that all 
bits on PORT3 are grounded, 
except 
the 
comparator 
ihput). 


TABLE 
3. SUCCESSIVE 
APPROXIMATION 
ROUTINE 
FOR THE Z-80. 


INSTRUCTION 
BYTES 
TIME 


; 
;CLEAR 
PORT PINS 


LD 
A,O 
2 
1.75 
OUT 
(PORT1),A 
2 
2.75 
OUT 
(PORT2),A 
2 
2.75 
; 
;START CONVERSION 


LD 
A,08H 
2 
1.75 
OUT 
(PORT2),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,Ll 
3 
2.50 
AND 
0"7H 
2 
1.75 
Ll, 
OR 
04H 
2 
1.75 
OUT 
(PORT2),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,L2 
3 
2.50 
AND 
OFBH 
2 
1.75 
L2, 
OR 
02H 
2 
1.75 


REPEAT BETWEEN 
Ll AND L2 10 
MORE TIMES 
AND 
SET/RESET THE 
APPROPRIATE 
I/O BITS 


TOTAL 
179 
180 US 


AGAIN 
TIMING 
IS TYPICAL 
WORST 
CAST 
• 190.25 US 
BEST CASE 
• 169.25 US 


One 
••y 
argue 
that 
by 
-aemory 
aapping- 
the 
I-80's 
I/O 
ports 
the 
execution 
tiae 
could 
be 
enhariced 
becaUse 
the user 
could 
take 
advantage 
of the 1-80' s SET 
and RESET aeaory 
BIT 
instructions. 
In 
reality, a few bytes 
of aeaory 
are saved, 
but 
very 
little 


timel. 
This 
is 
because 
the 
Z-80's 
memory 
oriented 
BIT 
instructions 
are 
VERY 
slow, 
requiring 
between 
3 
and 
5 
microseconds 
with 
a 4 Mhz clockl 


This 
is 
not 
to say that the Z-80 
isn't a 
credible 
8-bit processor. 
The 
weakness 
is that decisions 
(i.e. JUMPS) 
cannot be made directly 
on the state of 
a given 
I/O pin~ JUMP 
instructions, 
on 
most 
processors, 
are made on the state 
of 
the 
flags 
after some 
type 
of 
logical or 
arithmetic 
cperationl 
This 
means 
that 
information 
must be moved 
td 
an 
internal 
CPU 
register 
before 
a 
decision 
can be made. This 
-moving- of 
information 
back 
and 
forth 
between 
internal 
registers 
and 
I/O makes 
the 
microprocessor 
quite 
inefficient, 
relative 
to 
the 
microcontroller 
when 
I/O 
manipulation 
is 
involved. 
Note 
that 
with 
the 
8051 
algorithm 
never 
-moves- 
data 
from 
one 
location 
to 
another 
- it directly 
sets, 
tests, 
and 
clears bits. 
This 
characteristic 
gives 
the 
8051 
its 
distinct 
execution 
advantage. 


Another 
strength 
of 
the 8051 
in 
this 
type of application, 
relates 
to 
the fact that I/O port pins can be set, 
cleared, 
complemented, 
and tested 
with 
the same 
speed 
that 
a microprocessor 
can 
act 
on 
it's 
internal registers. 
Note 
that 
the 
8051 
takes 
only 
1 
microsecond 
to 
fetch 
an opcode and set 
or·clear 
a 
port 
pin. A 
microprocessor 
must first 
fetch 
and decode 
the opcode, 
then 
place 
the 
appropriate 
I/O 
or 
memory 
address 
on 
the bus, then perfor. 
the necessary 
operation. 
All 
of 
this 
-communication- 
over 
the microprocessor 
bus 
significantly 
slows 
down 
the 
microprocessor. 


Integrating 
A 
to 
D 
converters 
operate 
by 
an 
indirect 
method 
of 
converting 
a voltage 
to a tae 
period, 
then measuring 
the tillleperiod 
with 
a 
counter. 
Integrating 
techniques 
are 
quite 
slow, 
relative 
to 
successive 
approxi.ation, 
but 
they are 
capable 
of 
providing 
very 
accurate 
measurements 
- 
5 
1/2 
or 
aore 
deciaal 
4igits 
- if 
proper 
analog 
techniques 
are employed. 
They 
also have 
the added 
advantage 
of 
allowing 
the 
integration 
period 
to be a 
aultiple 
of 
60 Sa 
(16.67 as) which 
can 
eliainate 
inaccuracies 
caused by 
the 
ever 
pre ••nt 
-power 
linea. 
Virtually 
all digital 
voltaeters 
use .BOae type of 
integrating 
technique. 
Pigure 
3 is 
a 
block diagr_ 
of 
a typical 
integrating 
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Figures 
4A, 
48, and 
4C 
show the 
three 
typical 
phases 
involved 
in the 
dual 
slope 
technique. 
Figure 
4A 
illustrates 
the 
auto-zero 
phase. 
In 
this phase 
the integrating 
"loop" 
is 
closed 
and 
the offset 
of 
the 
analog 
integrator 
is 
accumlated 
in 
C 
auto 
zero. In Figure 
48, the input switch 
is 
closed 
and the 
integrator 
integrates 
the 
input 
voltage 
for 
a 
fixed 
time 
period 
Tl. In figure 
4C, thp r~ference 
switch 
is 
closed 
and 
the 
integrator 
integrates 
the reference 
voltage 
until 
the comparator 
senses 
a zero crossing 
condition. 
The 
time 
it 
takes 
for this 
phase 
to occur 
is directly 
proportional 
to 
the amplitute 
of the 
input voltage. 
Additional 
circuitry 
can be 
added 
to 
determine 
the 
polarity 
of 
the 
input 
voltage, 
then switch 
ina 
reference 
of 
oppsite 
polarity, 
but 
the 
basic 
technique 
remains the same. 


The 
8051 
is an 
ideal controller 
for an intelligent 
integrating 
A 
to 
D 
system. 
The 
16 bit 
timer/counters 
can 
provide 
better 
than 
4 
1/2 
decimal 
digits of accuracy, 
the serial port can 
be used to transmit 
the analog 
reading 
to a 
printer or another 
processor, 
the 
CPO 
can 
be interrupted 
by 
the 60 Hz 
line 
so 
conversions 
can 
start 
at 
percise 
intervals, 
and software 
can be 
used 
to 
calculate 
'and save 
average, 
peak, or RMS readings. 


Another 
"nice" 
benetit 
ot 
this 
type ot converter 
is that very 
tev I/O 
port pins are 
required 
to control 
the A 
to D hardware, 
80 opto-isolators 
can be 
used to 
completely 
isolate 
the 
8051 


f:tPUT 
___•.•....... 
V, 
____ 
J 


IlEFERUCE 
YQlTACi[ 
!C AUTO ZERO 


INPUT 


• 
•• 
"' 
•••.1 
____ 
J 


IC AUTO ZUO 


J 
C AUTO 
lUG 


U.~.~Q~system" 
from 
the 
analog 
hardware. 
Opto-isolator& 
provide 
an 
additional 
"bon~B" in 
that 
they 
may 
prov ide 
logical 
level" 
shifting 
if 
needed 
by the analog 
circuitry. 
Figure 
5 shows how an 8051 might 
be connected 
to the 
analog 
sub-system. 
In practice, 
the 
analog 
switches 
can 
be 
almost 
anything 
ranging from 
CMOS 
to VFETs. 
The code 
needed to generate 
the "basic" 
integrating 
A to D function 
is shown 
in 
Table 
4. 
. 


Timer 
interrupts could 
be used so 
that 
the 
CPO 
could 
be 
doing 
other 
things 
while 
the 
conversion 
was 
in 
process. Note 
that very 
little CPO 
time 
is needed 
to 
perform 
the actual 
A to D 
function. 


This 
paper 
illustrated 
possible 
methods 
of using 
the 
8051 
in A to D 
"instrumentation" 
types 
of 
applications. 
The power 
of the 
805l's 
microcontroller 
architecture 
relates 
to 
the 
fact that 
logical' "decisions" 
can 
be made directly 
on the 
state 
of the 
resident 
I/O 
hardware. 
This 
fact alone 
gives 
the 8051 
a distinct 
advantage 
in 
"bit intensive" 
applications. 
Software 


and hardware 
suvport 
tools 
include 
in- 
circuit 
emulators, 
an assembler, 
and a 
high 
level 
language, 
PLH-5l. 
Presently, 
the 8051 
is available 
in 
3 
technology 
"flavors"- 
HMOS 
II, HMOS- 
EPROM, 
and.CHMOS, 
so 
depending 
on your 
individual 
application, 
you can have 
it 
your way. 


CLR 
TRO 
;TURN TIMER 
OFF 


MOV 
THO,tHIGH 
TAZ 
;LOAD AUTO 
ZERO 
MOV 
TLO,'LQW 
TAZ 
;TIME 
; 
ANL 
Pl.'OFOH 
;MAKE A/D 
INACTIVE 
SETS 
P1.2 
;AUTO 
ZERO PHASE 
SETS 
TRO 
;TURN TIMER 
ON 
JNS 
TFO,$ 
;LOOP TIL 
OVERFLOW 
; 
CLR 
TRO 
;TURN TIMER 
OFF 
CLR 
TFO 
;RESET 
TOV FLAG 
. 
MOV 
THO,'HIGH 
INTT 
;LOAD 
INTEGRATION 
MOV 
TLO,'LOW 
INTT 
;TIME 
; 
CLR 
Pl.2 
;END AUTO 
ZERO 
SETS 
Pl.l 
;START 
INTEGRATION 
SETS 
TRO 
;START TIMER 
JNS 
TFO,$ 
;WAIT FOR 
OVERFLOW 


CLR 
Pl.l 
;END 
INTEGRATION 


; NOW, 
INTEGRATE 
THE REFERENCE 
I 
SETS 
PLO 


;AT THIS 
POINT TIMER 
0 HAS A VALUE 
OF 
;TWO, THE TIMER 
IS EQUAL 
TO 
ZERO, WHEN 
;IT OVERFLOWS 
AND 
IT WAS 
INCREMENTED 
;TWICE DURING 
THE LAST TWO 
INSTRUCTIONS 


;NOW, WAIT FOR 
ZERO CROSS 
; 
JNS 
Pl.3,$ 
I. 
ITURN THE TIMER 
OFF 
; 
CLR 
THO 
I 
;NOW, TIMER 
0 - Vin 
+ 3 COUNTS 
I 
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Intel's new ASIC family of microcontroller core cells 
extends the capability of the MCS@-51 product, and 
allows the ASIC designer more flexibility than the pop- 
ular microcontroller 
product. 
This note will discuss 
many of the new design possibilities inherent to the 
8OC51 cell-based controller. 
This family of cells is 
available with a variety of RAM and ROM configura- 
t:ons. 


Cell Name 
ROM 
RAM 


UC51 00 
No ROM 
128 Bytes RAM 
UC51 04 
4KROM 
128 Bytes RAM 
UC5108 
8KROM 
128 Bytes RAM 
UC5116 
16K ROM 
128 Bytes RAM 
UC5200 
No ROM 
256 Bytes RAM 
UC5204 
4KROM 
256 Bytes RAM 
UC5208 
8KROM 
256 Bytes RAM 
UC5216 
16K ROM 
256 Bytes RAM 


Other documentation will address Intel's ASIC design 
environment (see reference section). 


The 8OC51-based ASIC cell is part of a family of cell- 
based functions based on popular Intel standard prod- 
ucts. Members of the 82Cxx microprocessor support 
peripheral family (SP8254, SP8237, SP8259, SP8284, 
SP82284, SP8288 and SP82288) are also available as 
library elements. The standard product ASIC cores are 
supported by a library of over 150 logic cells, represent- 
ing a broad range of SSI, MSI, and I/O functions. An- 
other class of cell library elements is designated Special 
Functions. These cells are predefined complex func- 
tions such as RAM, Serial I/O, AID Converter, and a 
Voltage Comparator. The Special Function and general 
logic element cells can also be used without a standard 
product core in the ASIC design. Any of the available 
8OC51-based cores can be integrated with logic com- 
plexities up to 5000 gates. 


Although the 8OC51-basedcore is functionally identical 
to the standard 8OC5lBH microcontroller, its use as a 
cell in the ASIC library allows more flexibility in sys- 
tem design and partitioning. 


Figure I depicts the difference between the standard 
pinout of the MCS-51 family and the ASIC core. In 
order to understand the enhancements (in an applica- 
tions sense) made to the core it is useful to compare its 
connections to the pinout of the standard product. 


The MCS-51 family embodies a very powerful architec- 
ture. While it was intended as a "single chip solution" 


its addressing modes, clean bus interface, on-chip pe- 
ripherals, and code efficient instruction set operations 
make it well suited to processor-like applications as 
well. For processor applications, a designer forgoes 
many of the "single chip" features in favor of the high 
performance CPU functions of this architecture. 


In order to fit the MCS-51 family microcontrollers into 
an economical forty lead DIP or forty-four lead PLCC 
package, Intel designed the standard 
product 
with 
many of the device's functions sharing pins. The micro- 
controller designer must compare necessary functions 
against the economics and performance required for a 
given design. If external memory or memory mapped 
I/O is required, then the use of the port 0 function is 
not available. If the memory address is beyond the 256 
byte boundary defmed by the ADO- 7 Bus then all or 
part of the port 2 function is not available. Likewise, 
using peripheral functions like the counter input pins, 
serial I/O, and interrupts eliminates port 3 functions. 
While the MCS-51 family is one of the most popular 
microcontrollers ever introduced, this shared function- 3 
ality hinders its use in many applications. For example, 
a "fully loaded" MCS-51-based design would generally 
leave only one 8-bit port (Port 1) for the application's 
I/O requirements. 


The standard cell version of the 8OC51 provides the 
designer with 116 signals for connection to application 
specific logic. These signals represent the full function 
set of the MCS-51 architecture and virtually eliminate 
any design trade-offs required to implement an applica- 
tion. Notice from Figure I that all of the I/O ports are 
separated from the other functions. In the design exam- 
ple, the I/O are separated into their respective inputs 
and outputs, leaving 32 inputs and 32 outputs for port 
connections into the application's logic. The most im- 
mediate impact of demultiplexing the I/O of the device 
is that much of the logic required to complete an appli- 
cation is eliminated. For example, when separating the 
address from the data on the AD-bus, an octal latch is 
required. For an 8OC51-basedcore application, the de- 
signer uses the AO- 7 bus directly, thus saving approxi- 
mately 100 gates. The fact that the 8OC51-based core 
has so many connections available does not mean an 
application will be forced into higher pin count pack- 
ages. A 80C51-based ASIC can implement many sys- 
tem functions more economically than a discrete imple- 
mentation. 
The design example illustrates 
a system 
with over 280 interconnects that can be integrated into 
one ASIC device. This application note will illustrate 
the less obvious ways in which the core can be used. 


The illustrations shown in this note are independent of 
the workstation platform used to implement the design. 


Intel provides the complete test vectors necessary to 
test the 8OC51-based ASIC core, which have been de- 
rived from the standard product 8OC51test vector set. 
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PL0 
VCC 


PLI 
P0.0AD0 


PL2 
P0.1 ADI 
RXD 
IP3"-37 
PL3 
P0.2AD2 
SCLK 


PL4 
P".3AD3 
TXD 
OP3"-37 


PL5 
P".4AD4 
IolODE" 
INT0L 
IP2"-27 
PL6 
P0.5 AD5 
INT1L 
Pl.7 
P0.6AD6 
T" 
OP2"-27 


RST 
P0.7 AD7 
T1 
IP1"-17 
RXD P3.0 
EA 
WRL 
BOC51 
TXD P3.1 
ALE 
RDL 
BASED 
OP1"-17 


INTO P3.2 
PSEN 
ASIC 
CORE 
IP""-"7 
INTl P3.3 
P2.7 A15 
EAL 
T" P3.4 
P2.6A14 
PSENL 
OP""-"7 


Tl 
P3.5 
P2.5A13 
ALE 
P2 
P2EXT 
WR P3.6 
P2.4A12 


RD P3.7 
P2.3All 
A"-A15 


XTAL2 
P2.2A10 


XTAL1 
P2.1 A9 
RESET 


ERST 
EADB"-7 
VSS 
P2.0AB 
CLK 
TADBOE 
nCLK 
240230-1 
ADB"-7 


240230-2 


RECONSTRUCTION 
OF STANDARD 
PRODUCT 
1/0 


ure the ASIC cell to function exactly like the standard 
product. Alternatively, the designer can choose to re- 
construct a subset of the standard product I/O or select 
no reconstruction 
at all. Consult the references for 
more information about the use and function of Intel's 
co.mpanion cells. 


When designing the 8OC51-based ASIC core, Intel re- 
moved the pin multiplexers and I/O functions of the 
8OC51, and restructured 
them as companion 
cells. 
Companion cells allow the ASIC designer to reconfig- 
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Key to the 8OC51's core-isolation test method is the 
ability to put the core into a condition that can verify 
the processor without the user's logic affecting the test. 
ERST is vital to controlling the ability to put the core 
based ASIC into test mode. It must be brought directly 
from the core to a package pin. Interface is via the 
PRESET companion cell. Because a dedicated reset pin 
may be restrictive in many applications, a second reset_ 
connection, RESET, has been included. 


Including this second reset connection allows the de- 
signer to simplify the overall ASIC design. Many appli- 
cations require two sources of reset, usually a power- 
on-elear with a watchdog timer. Previously, the design- 
er was faced with "ORing" an RC time constant circuit 
with the timer logic, resulting in an implementation 
which was not straightforward or cost effective. Figure 
2 shows an 8OC51-based ASIC implementation. 


WDT WATCHDOG 
TIMER WDT 
ClK 
OUT 
WDT PRESET 


L{>o' : 
, 
. 
... 


INVN (OPTIONAL) 


A system reset, in many designs, employs an active low 
logic level. Since the 8OC5l's reset requires an active 
high level, there is usually an inverter in the path to the 
microcontroller. It was mentioned earlier in this section 
that ERST must be brought directly from the core to a 
package pin. This is not entirely true; the inclusion of 
the inverter is allowed. 


1/0 EXPANSION 
WITH THE 
80C51-BASED 
CORE 


For the standard MCS-51 product, the need for I/O 
expansion is often due to the need for external memory 
and/or 
port expansion. The designer's use of the on- 


chip peripherals (eg. Serial I/O 
or Interrupts) 
often 


leaves only Port I intact. 
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Figure 3 depicts one case where the SOC51can gain an 
expanded set of I/O ports. In addition to requiring ad- 
ditional package pins, this implementation 
would re- 
quire more power supply capacity and passive compo- 
nents (bypass capacitors) than would be necessary if the 
I/O expansion were to be included on-chip with the 
microcontroller. Not only is PC board size decreased, 
but the overall system reliability increases with the 
ASIC solution. In addition, the 8255 port expander, 
being a highly flexible device, requires software to con- 
figure the device to the application. 


The simplest way to add I/O ports with the core is by 
way of a direct connection from the core's IP or OP 
signals through I/O functions selected from the cell li- 
brary and connected to package pins. See Figure 4. In 


PC3 17 
PC2 
16 
PCI 
15 
PC8 14 


this example, decoding is very simple and the compo- 
nent count is minimal. 


8DC51 
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ASIC 
CORE 


Figure 4. Direct Port Connections 
to ASIC Package 
Pins 


This technique represents the most sllicon and program 
code efficient way to implement I/O with the core. Pro- 
gram code is composed of MOV operations rather than 
the MOVX needed for any Memory mapped I/O im- 
plementations. Logical operations to the port (ANL, 
ORL, XRL) can still be used. It is not necessary to 
update or maintain indirect pointers. Since quasi-bidi- 
rectional cells are not used, it is not necessary to set a 
"I" to the port in order to set these cells. Eliminating 
MOVX and port setup operations could result in signif- 
icant codespace savings. 


The drawback to the direct approach is that program 
code written for the 80C51 using memory mapped I/O. 
is not directly transportable to the core design. In most 
cases, however, implementing I/O expansion that al- 
lows code transportability 
is a simple task with a 


8OC51-based ASIC. 


Most support peripherals are designed to be configura- 
ble for many different operating conditions. This is cer- 
tainly true for a device like the 8255 as well; the port 
signals can be programmed as inputs, outputs, or bidi- 
rectional. In most applications the peripheral's setup is 
never changed after initialization. Port pins are set to 
either input, output or I/O. The peripheral's configura- 
tion is most often "set up" with data fields sent to a 
configuration or command register. This register is lo- 
cated at one of the peripheral's 
selectable addresses. 
For a cell-based implementation where code transpor- 
tability is required, recreating an 8255-like function is 
straightforward. 
Since all setup information is written 


to one register and setup is not required because the 
port signal directions are fixed, that one register can 
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one 8-bit input port, and one 8-bit output port, both 
memory-mapped. 
Note that while the 8255 contains 
three 8-bit ports, an ASIC can be implemented with the 
exact amount of functionality desired. 


Implementing the full function set of the 8255 would 
result in an increased gate count (550 gates) included 
on the 8OC51-based ASIC. While 550 gates can easily 
be included on the same silicon chip, implementing the 
"exact functionality" version using elements from the 
cell library would consume only 100 gates. 


In many designs, the built-in crystal oscillator of the 
8OC51is not utilized because the clock signal must be 
used for other system functions. However, the clock to 
the 8OC51still must be generated and driven into the 
XI/X2 
pins. A clock generator is required somewhere 
in the system and is also used to clock many of the 
system functions surrounding the microcontroller. 


For 8OC51-basedASIC designs, all clocking functions, 
including the clock generator, can be brought on-chip. 
The advantages to doing so include enhanced reliability 
and a less costly, more noise free design. Clock genera- 
tion is accomplished by the companion cell POSC (or 
POSC2 for frequencies between 16 MHz and 38 MHz) 
which can be used to drive the TICLK input connec- 
tion to the core. The POSC output can be sent to user 
defined logic configured to generate other necessary• 
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clocks in a system. Where the POSC cell fan out is high 
and might cause concerns about clock edge skew, a cell 
like BUF2 can be used. For systems where it is required 
that the signal be brought off-chip (formerly off-board), 
the on-chip generated clocks can be sent to output cells 
and on to package pins. Figure 6 depicts generation 
flexibility and clock source for a 8OC51-based ASIC 
design. 


Figure 6 illustrates a design which requires a high fre- 
quency clock to operate on a section of user-defined 
logic. For this, cell POSC2 is selected for the ASIC 
design and is set to 24 MHz. In order to meet clock 
specifications for the core, this 24 MHz master clock is 
divided down in order to provide the required 12 MHz. 
As discussed in the 8OC51-based ASIC data sheet, the 
ATE must be able to drive the core's clock directly. For 
test modes, the ATE-generated clock is driven to the 
core's TICLK connection. 


Note that signal P2 is shown being used for the applica- 
tion's clocks. It is sent to other logic in the ASIC and to 
a package pin as well. 


24lAHz 
XTAL 
CONNECTIONS 


In order for Automatic Test Equipment (ATE) to exer- 
cise the 8OC51-bas~ ASIC, the bus EADB must be 
brought directly to packi:ze pins. A specially designed 
I/O cell, PADB, must be directly connected to the 
EADB bus to ensure testability of the core as well as 
the user's logic. 


Requiring the EADB bus to appear as package pins 
does not impose any design restrictions on 8OC51-based 
ASICs designed to access external memory or peripher- 
als. If your design does not call for the EADB to access 
external memory peripherals, the EADB may be multi- 
plexed with user I/O. Contact your Intel Technology 
Center for the best implementation for your applica- 
tion. 


Intel supplies all test programs required to completely 
test the ASIC core cell. Designers are required to sup- 
ply test vectors that exercise their unique logic only. 


6lAHz TO 
APPS LOGIC 
BUr2 
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OBSERVING 
THE CONTENTS 
OF THE PROGRAM 
COUNTER 


The 8OC5l-based ASIC core ..:onnections AO-A15 al- 
ways display the contents 
Of the program counter (ex- 
cept in the case of MOVX instructions.) Tbis ~eat~re 
allows another level of real time control by momtonng 
instruction events within the core. By attaching com- 
parator circuitry to the program counter contents, sig- 
nals can be generated to depict events within the pro- 
gram. Figure 7 shows such a circuit. 


The discussions in this note are not intended to be an 
exhaustive su=ary 
of the range of design possibilities 
available to the ASIC designer. Rather, it is hoped that 
it encourages the thought process toward even more 
innovative uses. 


The following is an example of an actual system prob- 
lem and how it was resolved using a 8OC5l-based 
ASIC. The example utilizes many of the techniques dis- 
cussed above. 


Figure 8 shows a typical MCS-5l-based design, which 
includes a port expander, timer/counter 
chip, a high 
speed event counter and a low-cost EPROM containing 
stable code. In this application, the 8031 controls a sys- 
tem based on numerous timed events. Many high speed 
clocks are involved, making for a potentially noisy envi- 
ronment, and a watchdog timer has been included to 
provide for soft recoveries if the microprocessor pro- 
gram flow is upset. The watchdog circuitry is shown as 
a high level block. 


The design must take an accurate sample of events des- 
ignated at the EVENT input. The l6-bit count is read 
and processed under a timed interrupt designated by 
and generated from one of the 8254 Timers. The coun- 
ter chain must be clocked at 24 MHz in order for 
unique and accurate event samples to occur. 


Another 8254 counter is programmed for single-shot 
mode to provide for a strobe window for some circuitry 
external to the PCB assembly. An 8-bit parallel data 
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Figure 7. Signal which Designates 
when 
Program 
Execution 
Is In Upper 8K ROM 


input is required. The system must control peripherals 
external to tbis main assembly, resulting in a require- 
ment for address decoder selection. 


Note that adequate bypass capacitors are required due 
to the clock speeds and the high number of pin connec- 
tions. (There are 272 pins, not including the WDT and 
Oscillator Blocks.) A multilayer PCB is also required to 
compensate for the amount of wires needed to connect 
all the components. 


Figure 9 depicts the 8OC5l-based ASIC solution for the 
design in Figure 8. Note that all of the circuitry in 
Figure 8 is included on a single ASIC chip. Rather than 
use memory-mapped I/O, the design has been convert- 
ed to use the core's direct ports. Note that the 8255 
function has been removed and instead the UC5116 
port connections are used. Some minor software chang- 
es are required, and signals required to access off-cbip 
program memory have been provided. Tbis figure doc:s 
not show all test pin requirements; however, no addI- 
tional package pins will be required. For tbis example, 
the designer could begin production 
runs with an 
EPROM. Once.the application code stabilized, it could 
be developed and submitted to Intel for incorporation 
into the core. In this example, most of the high speed 
signals are contained within the ASIC, making the 
watchdog timer unnecessary. If needed, the overall cost 
of including it on the ASIC (= 500 gates) makes the 
functions relatively inexpensive to keep. 


Overall system pin requirements 
have decreased as 
well. This 8OC5l-based ASIC can be produced using a 
68-pin PLCC which may reduce the bypass capacitor 
requirements as well as the need for a multilayer PCB. 
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This 
paper 
describes 
the 
standard 
cell 
ASIC 
design 
methodology 
for a serial 
bus 
controller 
chip. 
This 
is a prototype 
CMOS 
chip 
which 
was 
designed 
in 19 weeks 
for an automotive 
application. 
The 
chip 
includes 
testability 
circuits 
which 
help 
attain 
9S% 
fault 
coverage. 


Fast-turnaround 
chip 
design 
has become 
important 
in the 
application-specific 
integrated 
circuit 
(ASIC) 
marketplace, 
where 
low production 
volumes 
preclude 
long 
design 
cycles. 
To address 
this 
market, 
the ASIC 
design 
methodology 
relies 
upon 
automatic 
layout 
software 
to generate 
fast 
chip 
layouts, 
at the 
expense 
of 
larger 
die 
sizes 
and 
somewhat 
lower 
performance. 
Pre-des igned 
standard 
circuit 
cells 
eliminate 
the need 
for 
extensive 
circuit 
simulation, 
further 
shortening 
the des ign eye 1e. 
These 
des ign techn iques 
can 
produce 
fast 
prototype 
chips 
for 
system 
demonstration 
and 
debug, 
or production 
parts 
for 
low-volume 
applications. 
Intel's 
Automotive 
Operation 
in Chandler, 
Arizona 
recently 
employed 
standard 
cell 
ASIC 
technology 
to produce 
a prototype 
serial 
bus 
controller 
chip 
for 
an automotive 
customer. 
In 
this 
paper 
we will 
describe 
the 
design 
methodology 
used 
to meet 
the 
19-week 
design 
schedule 
for 
this 
chip, 
along 
with 
the 
testability 
strategy 
which 
was 
implemented 
in order 
to achieve 
a 9S% 
fault 
grade. 


The 
serial 
bus 
controller 
is a standard 
cell 
CMOS 
chip 
that 
interfaces 
a microprocessor 
to a 
serial 
cOlTlT1unicationbus 
in an automobile. 
The 
chip 
performs 
both 
transmit 
and 
receive 
functions. 
The 
transmit 
function 
consists 
of a first-in 
first-out 
(FIFO) 
data 
buffer 
feeding 
a 
' 
parallel-in, 
serial-out 
(PISO) 
shift 
register, 
and 
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the 
receive 
function 
consists 
of a serial-in, 
parallel-out 
(SIPO) 
shift 
register 
driving 
one 
port 
of a dual-port 
random 
access 
memory 
(OPRAM). 
The block 
diagram 
is shown 
in Figure 
I. 
The 
transmit 
function 
requires 
a decidedly 
non-standard 
64 x IS bit 
FIFO 
buffer. 
This 
is 
constructed 
with 
a 64 x IS bit 
RAM 
and 
two 
address 
counters, 
as shown 
in Figure 
2. 
The 
standard 
cell 
library 
did 
not 
contain 
a 64 x IS bit 
RAM cell, 
so 
we 
had 
to construct 
it using 
an existing 
64 x S 
RAM cell. 
We modified 
this 
cell, 
adding 
two more 
bits 
to create 
a 64 x 10 RAM 
cell, 
then 
connected 
it in parallel 
with 
the 
original 
64 x S RAM, 
thus 
extending 
the word 
length 
to 
IS bits. 
Before 
the 
64 x 10 RAM 
cell 
could 
be added 
to the standard 
cell 
library, 
we 
had 
to fully 
characterize 
it 
using 
circuit 
simulation, 
like 
every 
other 
cell 
in 
the 
library. 
Two 
additional 
RC delay 
cells 
were 
also 
created 
to generate 
RAM 
read 
and write 
timings 
in the 
absence 
of microprocessor 
control 
signals. 
The 
receive 
function 
requires 
a IK x S bit 
dual-port 
RAM, 
but 
the 
standard 
cell 
library 
contained 
only 
single-port 
RAM 
tells. 
Fortunately, 
no cell 
modifications 
were 
necessary 
in this 
case. 
We 
used 
the 
existing 
IK x S RAM 
cell, 
multiplexing 
its data 
and 
address 
buses 
to 
simulate 
dual-port 
operation, 
as shown 
in Figure 
3. 
RAM 
read 
and write 
timings 
are once 
again 
generated 
us ing the 
RC de lay ce 11s ment ioned 
above. 
The 
final 
chip 
was 
manufactured 
in both 
single-layer 
metal 
(SlM) 
and 
double-layer 
metal 
(OlM) 
versions 
on a 1.5 micron 
CMOS 
process, 
resulting 
in a 355 
x 294 mil 
chiP. with 
6S 
I/O 
pins. 
It consists 
of 3 RAM 
arrays 
(9.3K 
bits 
total) 
and 
about 
3,000 
logic 
gates 
of control 
logic, 
for 
a total 
of 76,735 
transistors. 
Of the 
S,715 
transistors 
contributed 
by the control 
logic, 
11% belong 
to testability 
circuits 
which 
were 
added 
to 
increase 
the 
testability 
of the chip 
(i.e., 
shorten 
test 
program 
development 
time 
and 
tester 
run 
time). 
The 
testabil ity strategy 
wi 11 
be discussed 
later. 
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The 
19 week 
design 
schedule 
for this 
chip 
dictated 
the 
use of design 
automation 
tools. 
Since 
the chip 
included 
3 large 
RAM 
arrays, 
gate 
arrays 
were 
impractical, 
so standard 
cells 
were 
used 
with 
automatic 
placement 
and 
routing 
software. 
The automatically 
generated 
layout 
was 
transferred 
into 
Intel's 
full 
custom 
design 
system 
for some 
final 
edits, 
and 
the 
usual 
design 
rule 
checking 
and 
verification 
procedures 
were 
followed 
prior 
to mask 
making 
and 
processing. 
A standard 
cell 
design 
usually 
proceeds 
through 
the 
following 
steps: 


1. Translation 
of the 
logic 
into 
standard 
cells. 
2. Schematic 
capture 
into 
a computer 
database. 
3. Extraction 
of a cell 
interconnection 
"netlist". 
4. Logic 
and 
timing 
simulation. 
5. Automatic 
layout 
generation. 


6. Parasitic 
extraction 
and 
re-simulation. 


The entire 
design 
procedure 
is outlined 
in Figure 
4, and each 
step 
is described 
briefly 
below. 


Our 
first 
task 
was 
to translate 
our 
customer's 
board-level 
schematics 
into a logic 
design 
consisting 
of subcircuits 
from 
the standard 
cell 
library. 
Since 
the customer's 
schematics 
referenced 
It;.packages 
only, 
this 
involved 
the 
detailed 
deslgn 
of the 
FIFO 
and OPRAH 
blocks 
(described 
above). 
A major 
part 
of the 
task 
was 
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the design 
of 
the extra 
standard 
cells 
mentioned 
above, 
with 
their 
characterization 
and 
inclusion 
in the cell 
library. 


We performed 
schematic 
capture 
on a Daisy 
Personal 
Logician 
(PC-AT 
based) 
workstation, 
where 
each 
of the 
standard 
cells 
was 
available 
as a 
basic 
circuit 
element. 
We 
"compiled" 
each 
schematic 
separately 
to verify 
its 
integrity, 
then 
linked 
them 
together 
into 
a complete 
design 
database. 
Finally, 
we 
generated 
a "netlist", 
or 
device 
interconnection 
list, 
from 
this 
database. 


This 
netlist 
served 
as 
input 
to 
Intel's 
logic 
simulator 
on our 
VAX, 
which 
we 
used 
to verify 
design 
correctness. 
The 
logic 
simulator 
flagged 
several 
timing 
and 
glitch 
problems 
which 
were 
corrected 
before 
proceeding 
to 
layout. 


We performed 
layout 
generation 
using 
the 
CAL-MP 
program 
from 
Silvar-Lisco. 
Working 
from 
the net lis t, the 
program 
pIaced 
the three 
RAH 
arrays 
according 
to our 
instructions, 
then 
arranged 
the 
remaining 
standard 
cells 
in rows 
according 
to 
its own optimization 
algorithm. 
At 
this 
point 
prior 
to signal 
routing, 
we 
instructed 
the program 
to further 
iterate 
its opti.ization 
steps, 
as we manually 
modified 
several 
cell 
placements 
from 
the graphics 
terminal. 
Once 
all 
cell 
placements 
were 
determined, 
the program 
performed 
signal 
and power 
routing 
automatically. 
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The 
CAL-MP 
program 
accepted 
layout 
constraints 
in a variety 
of forms. 
In addition 
to 
the 
netlist 
information, 
we 
defined 
pad 
placements 
and 
the 
number 
of 
standard 
cell 
rows, 
and 
constrained 
a few 
critical 
signals 
(such 
as 
clocks) 
to two 
vertical 
metal 
buses 
traversing 
the 
right 
and 
left 
sides 
of the 
chip. 
Furthermore, 
several 
unconstrained 
signals 
were 
assigned 
numerical 
"strengths" 
greater 
than 
the 
default 
of 
1.0, 
which 
weighted 
their 
consideration 
in the 
optimization 
algorithm, 
tending 
to shorten 
the~. 
We ultimately 
generated 
more 
than 
20 layouts 
wlth 
widely 
varying 
signal 
strengths, 
until 
we were 
satisfied 
that 
very 
little 
further 
improvement 
was 
possible. 


PARASITIC 
EXTRACTION 


After 
a layout'is 
generated, 
it must 
be 
proven 
to work 
in the 
presence 
of parasitic 
res istances 
and 
capaci tances 
cont ributed 
by the 
signal 
interconnects. 
These 
parasitics 
are 
extracted 
from 
the 
layout 
and 
added 
to the 
netlist 
for a post-layout 
simulation 
cycle. 
In principle, 
each 
iterated 
layout 
should 
be 
re-simulated, 
but 
after 
about 
10 layout 
generations 
we could 
easily 


predict 
simulation 
performance 
from 
the 
raw 
parasitic 
values. 
, 
.. 
Because 
the 
first 
verSl0n 
of thIs 
chIp 
was 
fabricated 
in single-layer 
metal 
with 
a great 
deal 
of polysilicon 
interconne~tion, 
par~sitic.s~ries 
resistances 
were 
just 
as 
lmportant 
ln llmltlng 
performance 
as are 
parasi~ic 
capacita~ce~. 


Unfortunately, 
series 
reslstors 
are 
d,ff,cult 
to 
systematically 
inse~t 
into 
a netlis~, 
so we 
~ad 
to 
simulate 
the 
resultlng 
RC delays 
uSIng 
Intel 
s 
circuit 
simulator. 
For 
the 
double-layer 
metal 
version, 
we could 
safely 
'ignore series 
r~sistances 


since 
the metal 
sheet 
resistance 
is three 
orders 
of magnitude 
smaller 
than 
that 
of polysilicon. 


Our 
test 
goal 
for 
this 
part 
was 
a 98% 
fault 
grade, 
and 
since 
this 
was 
a fast-turnaround 
project 
with 
little 
time 
for 
test 
program 
development, 
we 
included 
a variety 
of testability 
circuits 
on the 
chip. 
An added 
benefit 
to this 
approach 
was 
that 
the 
testability 
circuits 
simplified 
our 
debugging 
procedures. 
ThIs 


strategy 
ultimately 
paid 
off, 
because 
we were 
able 
to quickly 
isolate 
and 
correct 
a RAM 
timing 
problem 
on the 
first 
silicon. 


Since 
this 
chip 
has 
a relatively 
small 
node 
count, 
we 
adopted 
an 
"ad hoc" 
rather 
than 
"structured" 
testability 
strategy. 
This 
means 
that 
we added 
test 
circuits 
on 
a case 
by case 
basis 
to 
improve 
the 
controllability 
and 
observabi 1ity of the 
overall 
chip, 
rather 
than 
lmplement,ng 
a scan 
path, 
a bUl1t-ln 
self 
test 
or 
some 
other 
more 
elaborate 
scheme. 
Ad hoc 


testab,lity 
design 
is appropriate 
for 
small 
chips 


having 
relatively 
low transistor/pin 
ratios. 
Th,s 
chip 
has 8,715 
transistors 
(excluding 
those 
in the 
RAMs) 
versus 
68 pins, 
for 
a transistor/pin 
ratio 
of 
128. 
In contrast, 
Intel's 
80386 
microprocessor 
has 275,000 
transistors 
versus 
132 pins 
for a 
ratio 
of 2,083, 
clearly 
requiring 
structured 
testability 
techniques. 
Two 
pins 
are 
allocated 
for 
test 
purposes, 
which 
are 
used 
to select 
among 
four 
modes: 
a 
normal 
operating 
mode, 
and 
three 
test 
modes. 
This 
test 
mode 
strategy 
is shown 
in Figure 
5. 
The 
test 
modes 
are 
used 
to partition 
the 
chip 
into 
three 
isolated 
subcircuits 
to be tested 
independently. 


In each 
mode, 
signals 
with 
poor 
visibility 
internal 
to the 
active 
subcircuit 
are 
brought 
out 
to the pads, 
and 
the 
non-active 
subcircuits 
are 
turned 
off 
by disabling 
their 
clock 
inputs. 
The 
test 
program 
can 
then 
exercise 
the 
active 
circuit, 
with 
the 
goal 
of toggling 
each 
internal 
node 
for 
maximum 
fault 
coverage. 


Eleven 
of the 
28 chip 
inputs 
provide 
test 
inputs 
in the 
three 
test 
modes, 
and 
16 of the 
23 
chip 
outputs 
serve 
double 
duty 
as test 
outputs. 
Although 
input 
pins 
can 
be connected 
to several 
internal 
test 
points 
in parallel 
(usually 
multiplexer 
inputs), 
only 
one 
signal 
at a time 
can 
drive 
an output 
pin. 
These 
outputs 
are 
multiplexed 
using 
three 
stages 
of 2:1 multiplexers 
(one 
for each 
mode). 
and 
the 
outputs 
are collected 
into 
a 16 bit 
"test 
bus" 
which 
circumnavigates 
the 
chip. 
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RAM 
TESTABILITY 


RAM 
testability 
is a special 
case, 
because 
a 
RAM 
is inherently 
fully 
testable 
provided 
its 
data 
and 
address 
buses 
are 
accessible, 
along 
with 
the 
necessary 
control 
signals. 
The 
difficulty 
here 
is 
that 
the 
RAMs 
are 
embedded 
in functional 
blocks 
which, 
especially 
in the 
FIFO, 
tends 
to disguise 
the 
inherent 
RAM 
accessibility. 
Inside 
the 
OPRAM, 
the 
IK x 8 RAM 
is read 
directly 
by 
the 
microprocessor 
using 
the 
external 
data 
and 
address 
buses, 
so observability 
is no 
problem. 
Writes, 
however, 
occur 
from 
the 
SIPO 
during 
serial 
reception. 
It would 
be 
particularly 
painful 
to 
test 
a IK RAM 
using 
serial 
writes, 
so a 
modification 
was 
necessary 
to 
improve 
RAM 
controllability. 
In test 
mode, 
the 
address 
multiplexer 
is held 
to 
the 
address 
bus 
by 
. 
overriding 
the 
select 
line, 
and 
a set 
of elght 
extra 
multiplexers 
were 
added 
to the 
data 
demultiplexer 
to 
allow 
bidirectional 
data 
flow 
into 
and 
out 
of 
the 
RAM. 
Thus, 
the 
SIPO 
circuit 
is completely 
bypassed 
in test 
mode. 
The 
FIFO 
RAM 
is addressed 
by one 
of 
two 
counters 
in the 
operating 
mode, 
which 
presents 
a 
problem 
unless 
we 
are 
willing 
to 
accept 
sequential 
test 
addressing, 
or 
at 
least 
a very 
complex 
address 
setup 
procedure. 
The 
solution 
was 
to 
override 
the 
address 
bus 
with 
a multiplexer 
fed 
by 
input 
pin 
signals. 
The 
data 
bus 
presented 
the 
sa.e 
problem 
as 
the 
OPRAM, 
but 
in reverse: 
data 


is written 
by 
the 
microprocessor 
using 
the 
external 
buses, 
but 
reads 
are 
serialized 
in the 
PISO. 
We 
decided 
that 
serial 
output 
was 
acceptable 
in FIFO 
test 
mode, 
however, 
because 
t~e 
FIFO 
has 
only 
64 
locations 
to test 
(versus 
1024 
ln 
the 
OPRAM) , and 
the 
words 
are 
18 bits 
long, 
which 
would 
require 
18 extra 
multiplexers. 
Thus, 
for 
the 
FIFO 
data, 
we 
left 
well 
enough 
alone. 


CONCLUSION 


This 
serial 
bus 
controller 
chip 
was 
designed 
using 
ASIC 
techniques 
in a very 
s~ort 
~ime, 
resulting 
in a quick 
prototype 
ChlP 
WhlCh 
o~r 
automotive 
customer 
could 
use 
to evaluate 
hlS 
system 
design 
in a timely 
manner. 
The 
inclusion 
of testability 
circuits 
further 
shortened 
the 
engineering 
debug 
ti~ 
as we~ 1 as 
~he 
manufacturing 
test 
tlme. 
ThlS 
proJect 
demonstrates 
that 
standard 
cell 
design 
is an 
attractive 
fast-turnaround 
methodology, 
and 
that 
a 
good 
testability 
str~tegy 
provides 
ad~itional 
benefits 
which 
outwelgh 
the 
extra 
deslgn 
effort. 


ACKNOWLEDGEMENT 


The 
authors 
would 
like 
to thank 
Graham 
Tubbs, 
for 
guiding 
us through 
the 
maze 
of ASIC 
design 
tools, 
Oinesh 
Maheshwari 
and 
Keith 
Steele, 
who 
helped 
prepare 
our 
final 
layout 
for 
processing, 
and 
Mukund 
Patel 
and 
Magdiel 
Galan 
who 
helped 
us 
test 
and 
debug 
the 
final 
chip. 


RUPITM Application Notes 
4 


APPLICATION 
NOTE 
AP-281 


UPI-452 Accelerates iAPX 286 


Bus Performance 


UPI-452 ACCELERATES 
iAPX 286 BUS 
PERFORMANCE 


INTRODUCTION 
4-4 


UPI-452 iAPX 286 System 
Configuration. 
. . . . . . . . . . . . . . . . . . . . . . . .. 
4-4 


Host UPI-452 FIFO Slave Interface 
4-4 


UPI-452 Initialization 
4-6 


FIFO Data Structures. 
. . . . . . . . . . . . . . . . . .. 
4-7 


FIFO Input/Output 
Channel Size 
4-12 


Interrupt Response 
Timing 
4-13 


DMA 
4-15 


Host FIFO DMA 
4-15 


UPI-452 Internal DMA Processor 
4-17 


Interface 
Latency 
4-18 


FIFO DMA Freeze Mode Interface 
4-19 


LIST OF FIGURES, TABLES AND 


EQUATIONS 


FIGURES: 


1. iAPX 286/UPI-452 
System Block 


Diagram 
4-5 


2. Input FIFO Channel Functional 


Diagram 
4-8 


3. Output FIFO Channel Functional 


Diagram 
4-9 


4. Full Duplex FIFO Operation 
4-12 


5. Entire FIFO Assigned to Output 


Channel 
4-13 


f· 
6. UPI-452 Command 
Cycle Timing 
4-'6 


7. Disabling FIFO to Host Slave Interface 
Timing Diagram 
4-20 


8. Sequence 
of Events to Invoke FIFO 
DMA Freeze Mode 
4-21 


9. Sequence 
of Events to Invoke FIFO 
DMA Freeze Mode Timings 
4-21 


TABLES: 


1. FIFO Special Function 
Register Default 


Values 
4-6 


2. UPI-452 Initialization 
Event Sequence 
Example 
4-6 


3. UPI-452 External Address 
Decoding 
.. 
4-10 


4. UPI-452 to Host Interrupt Sources 
..... 
4-14 


5. Host UPI-452 Data Transfer 
Performance 
4-15 


6. ~PI~452 Internal DMA Controller 
Cycle 
Tlmlngs 
4-17 


7. Host DMA FIFO Data Transfer 
Times 
4-18 


8. UPI-452 Internal DMA FIFO Data 
Transfer Times 
4-19 


9. Typical Instruction 
Cycle Timings 
4-19 


10. Slave Bus Interface Status During 
FIFO DMA Freeze Mode 
4-22 


11. FIFO SFR's Characteristics 
During 
FIFO DMA Freeze Mode 
4-22 


EQUATIONS: 


1. Host Interrupt Response 
Time 
4-14 


2. Host FIFO DMA Transfer 
Rate-Input 


or Output Channel 
4-15 


3. Minimum Host/FIFO 
Transfer 
Rate 
Including Data Stream Command(s) 
... 4-17 


4. Effective 
Internal FIFO Transfer 
Time 
Using Internal DMA 
4-19 


5. Effective 
FIFO Transfer Time Using 
Individual Instructions 
4-19 
• 


inter 


The UPI-452 targets the leading problem in peripheral 
to host interfacing, the interface of a slow peripheral 
with a fast Host or "bus utilization". The solution is 
data buffering to reduce the delay and overhead of 
transferring data between the Host microprocessor and 
I/O subsystem. The Intel CMOS UPI-452 solves this 
problem by combining a sophisticated programmable 
FIFO buffer and a slave interface with an MSC-5l 
based microcontroller. 


The UPI-452 is Intel's newest Universal Peripheral In- 
terface family member. The UPI-452 FIFO buffer en- 
ables Host-peripheral 
co=unications 
to be through 
streams or bursts of data rather than by individual 
bytes. In addition the FIFO provides a means of em- 
bedding commands within a stream or block of data. 
This enables the system designer to manage data and 
commands to further off-load the Host. 


The UPI-452 interfaces to the iAPX 286 microproces- 
sor as a standard Intel slave peripheral device. READ, 
WRITE, CS 'and address lines from the Host are used 
to access all of the Host addressable UPI-452 Special 
Function Registers (SFR). 


The UPI-452 combines an MSC-5l microcontroller, 
with 256 bytes of on-chip RAM and 8K bytes of ROM, 
twice that of the 8OC5l, a two channel DMA controller 
and a sophisticated 128byte, two channel, bidirectional 
FIFO in a single device. The UPI-452 retains all of the 
8OC51 architecture, 
and is fully compatible with the 
MSC-5l instruction set. 


This application note is a description of an iAPX 286 to 
UPI-452 slave interface. Included is a discussion of the 
respective timings and design considerations. This ap- 
plication note is meant as a supplement to the UPI-452 
Advance Data Sheet. The user should consult the data 
sheet for additional details on the various UPI-452 
functions and features. 


UPI-452 
iAPX 286 SYSTEM 
CONFIGURATION 


The interface described in this application 
note is 
shown in Figure 1, iAPX 286 UPI-452 System Block 
Diagram. The iAPX 286 system is configured in a local 
bus architecture design. DMA between the Host and 


,the 
UPI-452 
is supported 
by the 82258 Advanced 
DMA Controller. The Host microprocessor accesses all 
UPI-452 externally addressable registers through ad- 
dress decoding (see Table 3, UPI-452 External Address 
Decoding). The timings and interface descriptions be- 
low are given in equation form with examples of specif- 
ic calculations. The goal of this application note is a set 
of interface analysis equations. These equations are the 
tools a system designer can use to fully utilize the fea- 
tures of the UPI-452 to achieve maximum system per- 
formance. 


HOST-UPI-452 
FIFO SLAVE 
INTERFACE 


The UPI-452 FIFO acts as a buffer between the exter- 
nal Host 80286 and the internal CPU. The FIFO allows 
the Host - peripheral interface to achieve maximum de- 
coupling of the interface. Each of the two FIFO chan- 
nels is fully user progra=able. 
The FIFO buffer en- 


sures that the respective CPU, Host or internal CPU, 
receives data in the same order as transmitted. Three 
slave bus interface handshake methods are supported 
by the UPI-452; DMA, Interrupt and Polled. 


The interface between the Host 80286 and the UPI-452 
is accomplished with a minimum of signals. The 8 bit 
data bus plus READ, WRITE, CS, and A0-2 provide 
access to all of the externally addressable UPI-452 reg- 
isters including the two FIFO channels. Interrupt and 
DMA handshaking pins are tied directly to the inter- 
rupt controller and DMA controller respectively. 


DMA transfers between the Host and UPI-452 are con- 
trolled by the Host processors DMA controller. In the 
example shown in Figure 1, the Host DMA controller 
is the 82258 Advanced DMA Controller. An internal 
DMA transfer to or from the FIFO, as well as between 
other internal elements, is controlled by the UPI-452 
internal DMA processor. The internal DMA processor 
can also transfer data between Input and Output FIFO 
channels directly. The description that follows details 
the UPI-452 interface from both the Host processor's 
and the UPI-452's internal CPU perspective. 


One of the unique features of the UPI-452 FIFO is its 
ability to distinguish between commands and data em- 
bedded in the same data block. Both interrupts 
and 
status flags are provided to support this operation in 
either direction of data transfer. These flags and inter- 
rupts are triggered by the FIFO logic independent of, 
and transparent to either the Host or internal CPUs. 
Co=ands 
embedded in the data block, or stream, are 
called Data Stream Co=ands. 


Progra=able 
FIFO channel Thresholds are another 
unique feature of the UPI-452. The Thresholds provide 
for interrupting 
the Host only when the Threshold 
number of bytes can be read or written to the FIFO 
buffer. This further decouples the Host UPI-452 inter- 
face by relieving the Host of polling the buffer to deter- 
mine the number of bytes that can be read or written. It 
also reduces the chances of overrun and underrun er- 
rors which must be processed. 


The UPI-452 also provides a means of bypassing the 
FIFO, in both directions, for an immediate interrupt of 
either the Host or internal CPU. These commands are 
called Immediate Commands. A complete description 
of the internal FIFO logic operation is given in the 
FIFO Data Structure section. 
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The UPI-452 at power-on reset automatically performs 
a minimum initialization of itself. The UPI-452 notifies 
the Host that it is in the process of initialization by 
setting a Host Status SFR bit. The user UPI-452 pro- 
gram must release the UPI-452 from initialization for 
the FIFO to be accessible by the Host. This is the mini- 
mum Host to UPI-452 initialization sequence. All fur- 
ther initialization and configuration of the UPI-452, in- 
cluding the FIFO, is done by the internal CPU under 
user program control. No interaction or programming 
is required by the Host 80286 for UPI-452 initializa- 
tion. 


At power-on reset the UPI-452 automatically enters 
FIFO DMA Freeze Mode by resetting the Slave Con- 
trol (SLCON) SFR FIFO DMA Freeze/Normal 
Mode 
bit to FIFO DMA Freeze Mode (FRZ 
= "0"). This 
forces the Slave Status (SSTAT) and 
Host 
Status 
(HSTAT) SFR FIFO DMA FreezelNormal 
Mode bits 
to FIFO DMA Freeze Mode In Progress. FIFO DMA 
Freeze Mode allows the FIFO interface to be config- 
ured, by the internal CPU, while inhibiting Host access 
to the FIFO. 


The MODE SFR is forced to zero at reset. This dis- 
ables, (tri-states) the DRQIN/INTRQIN, 
DRQOUT/ 
INTRQOUT 
and INTRQ output pins. INTRQ is in- 
hibited from going active to reflect the fact that a Host 
Status SFR bit, FIFO DMA Freeze Mode, is active. If 
the MODE 
SFR 
INTRQ 
configure bit is enabled 
(= 'I'), before the Slave Control and Host Status SFR 
FIFO DMA Freeze/Normal 
Mode bit is set to Normal 
Mode, INTRQ will go active immediately. 


The first action by the Host following reset is to read 
the UPI-452 Host Status SFR FreezelNormal 
Mode 
bit to determine the status of the interface. This may be 
done in response to a UPI-452 INTRQ interrupt, or by 
polling the Host Status SFR. Reading the Host Status 
SFR resets the INTRQ line low. 


Any of the five FIFO interface SFRs, as well as a vari- 
ety of additional features, may be programmed by the 
internal CPU following reset. At power-on reset, the 
five FIFO Special Function Registers are set to their 
default values as listed in Table 1. All reserved location 
bits are set to one, all other bits are set to zero in these 
three SFRs. The FIFO SFRs listed in Table 1 can be 
programmed only while the UPI-452 is in FIFO DMA 
Freeze Mode. The balance of the UPI-452 SFRs default 
values and descriptions are listed in the UPI-452 Ad- 
vance Data Sheet in the Intel Microsystems Compo- 
nent Handbook Volume II and Microcontroller Hand- 
book. 


The above sequence is the minimum UPI-452 internal 
initialization required. The last initialization instruction 
must always set the UPI-452 to Normal Mode. This 
causes the UPI-452 to exit Freeze Mode and enables 


Host read/write access of the FIFO. The internal CPU 
sets the Slave Control (SLCON) SFR FIFO 
DMA 
FreezelNormal 
Mode (FRZ) bit high (= 1) to activate 
Normal Mode. Ths causes the Slave Status (SSTAT) 
and Host Status (HSTAT) SFR FIFO DMA Freeze 
Mode bits to be set to Normal Mode. Table 2, UPI-452 
Initialization Event Sequence Example, shows a sum- 
mary of the initialization events described above. 


Table 
1. FIFO Special 
Function 
Register 
Default Values 


SFRName 
Label 
Reset 
Value 
Channel Boundary Pointer 
CBP 
40H/64D 
Output Channel Read Pointer 
ORPR 
40H/64D 
Output Channel Write Pointer 
OWPR 
40H/64D 
Input Channel Read Pointer 
IRPR 
OOH/OD 
Input Channel Write Pointer 
IWPR 
OOH/OD 
InputThreshold 
ITH 
OOH/OD 
Output Threshold 
OTH 
01H/1D 


Table 2. UPI-452 
Initialization 
Event Sequence 
Example 


Event Description 
SFR/bit 
Power-on Reset 
UPI-452forces FIFO DMA 
SLCON FRZ = 0 
Freeze Mode (Host access to 
FIFO inhibited) 
UPI-452forces Slave Status and 
SSTAT SST5 = 0 
Host Status SFR to FIFO DMA 
HSTATHST1 = 1 
Freeze Mode In Progress 
UPI-452forces all SFRs, 
including FIFO SFRs, to default 
values. 
• UPI-452 user program enables 
MODEMD4 = 1 
INTRQ,INTRQgoes active, high 
• Host READ's UPI-452 Host 
Status (HSTAT) SFR to 
determine interrupt source, 
INTRQgoes low 
• UPI-452 user program initializes 
any other SFRs; fiFO, Interrupts, 
Timers/Counters, etc. 
User program sets Slave Control 
SLCON FRZ = 1 
SFR to Normal Mode (Host 
access to FIFOenabled) 
UPI-452forces Slave and Host 
SSTAT SST5 = 1 
Status SFRs bits to Normal 
HSTATHST1 = 0 
Operation 
• Host polls Host Status SFR to 
determine when itcan access the 
FIFO 
- or- 
• Host waits for UPI-452 Request 
for Service interrupt to access 
FIFO 


inter 


The UPI-452 provides three means of communication 
between the Host microprocessor and the UPI-452 in 
either direction; 


Data 
Data Stream Commands 
Immediate Commands 


Data and Data Stream Commands (DSC) are trans- 
ferred between the Host and UPI-452 through the UPI- 
452 FIFO buffer. The third, Immediate Commands, 
provides a means of bypassing the FIFO entirely. These 
three data types are in addition to direct access by ei- 
ther Host or Internal CPU of dedicated Status and 
Control Special Function Registers (SFR). 


The FIFO appears to both the Host 80286 and the in- 
ternal CPU as 8 bits wide. Internally the FIFO is logi- 
cally nine bits wide. The ninth bit indicates whether the 
byte is a data or a Data Stream Command (DSC) byte; 
o = data, I = DSC. The ninth bit is set by the FIFO 
logic in response to the address specified when writing 
to the FIFO by either Host or internal CPU. The FIFO 
uses the ninth bit to condition the UPI -452 interrupts 
and status flags as a byte is made available for a Host or 
internal CPU read from the FIFO. Figures 2 and 3 
show the structure of each FIFO channel and the logi- 
cal ninth bit. 


It is important to note that both data and DSCs are 
actually entered into the FIFO buffer (see Figures 2 
and 3). External addressing of the FIFO determines the 
state of the internal FIFO logic ninth bit. Table 3 shows 
the UPI-452 External Address Decoding used by the 
Host and the corresponding action. The internal CPU 
interface to the FIFO is essentially identical to the ex- 
ternal Host interface. Dedicated internal Special Func- 
tion Registers provide the interface between the FIFO, 
internal CPU and the internal two channel DMA proc- 
essor. FIFO read and write operations by the Host and 
internal CPU are interleaved by the UPI-452 so they 
appear to be occurring simultaneously. 


The ninth bit provides a means of supporting two data 
types within the FIFO buffer. This feature enables the 
Host and UPI-452 to transfer both commands and data 
while maintaining the decoupled interface a FIFO buff- 
er provides. The logical ninth bit provides both a means 
of embedding commands within a block of data and a 
means for the internal CPU, or external Host, to dis- 
criminate between data and commands. Data or DSCs 
may be written in any order desired. Data Stream 


Commands can be used to structure or dispatch the 
data by defining the start and end of data blocks or 
packets, or how the data following a DSC is to be pro- 
cessed. 


A Data Stream Command (DSC) acts as an internal 
service routine vector. The DSC generates an interrupt 
to a service routine which reads the DSC. The DSC 
byte acts as an address vector to a user defined service 
routine. The address can be any program or data mem- 
ory location with no restriction on the number of DSCs 
or address boundaries. 


A Data Stream Command (DSC) can also be used to 
clear data from the FIFO or "FLUSH" the FIFO. This 
is done by appending a DSC to the end of a block of 
data entered in the FIFO which is less than the pro- 
grammed threshold number of bytes. The DSC will 
cause an interrupt, if enabled, to the respective receiv- 
ing CPU. This ensures that a less than Threshold num- 
ber of bytes in the FIFO will be read. Two conditions 
force a Request for Service interrupt, if enabled, to the 
Host. The first is due to a Threshold number of bytes 
having been written to the FIFO Output channel; the 
second is if a DSC is written to the Output FIFO chan- 
nel. If less than the Threshold number of bytes are writ- 
ten to the Output FIFO channel, the Host Status SFR 
flag will not be set, and a Request for Service interrupt 
will not be generated, if enabled. By appending a DSC 
to end of the data block, the FIFO Request for Service 
flag and/or interrupt will be generated. 


An example of a FIFO Flush application is a mass stor- 
age subsystem. The UPI-452 provides the system inter- 
face to a subsystem which supports tape and disk stor- 
age. The FIFO size is dynamically changed to provide 
the maximum buffer size for the direction of transfer. 
Large data blocks are the norm in this application. The 
FIFO Flush provides a means of purging the FIFO of 
the last bytes of a transfer. This guarantees that the 
block, no matter what its size, will be transmitted out of 
the FIFO. 


Immediate Commands allow more direct communica- 
tion between the Host processor and the UPI-452 by 
bypassing the FIFO in either direction. The Immediate 
Command IN and OUT SFRs are two more unique 
address locations externally and internally addressable. 
Both DSCs and Immediate Commands have internal 
interrupts and interrupt priorities associated with their 
operation. The interrupts are enabled or disabled by 
setting 
corresponding 
bits 
in 
the 
Slave 
Control 
(SLCON), Interrupt 
Enable (IEC), Interrupt 
Priority 
(IPC) and Interrupt Enable and Priority (IEP) SFRs. A 
detailed description of each of these may be found in 
the UPI-452 Advance Information Data Sheet. 
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Below is a detailed description of each FIFO channel's 
, operation, including the FIFO logic response to the 
ninth bit, as a byte moves through the channel. The 
description covers each of the three data types for each 
channel. The details below provide a picture of the vari- 
ous FIFO features and operation. By understanding the 
FIFO structure and operation the user can optimize the 
interface to meet the requirements of an individual de- 
sign. 


This section covers the data path from the internal 
CPU to the HOST. Data Stream Command or Immedi- 
ate Command processing during Host DMA Opera- 
tions is covered in the DMA section.. 


The internal CPU writes data and Data Stream Com- 
mands into the FIFO through the FIFO OUT (FOUT) 
and Command OUT (COUT) SFRs. When a Thresh- 
old number of bytes has been written, the Host Status 
SFR Output FIFO Request for Servicebit is set and an 
interrupt, if enabled, is generated to the Host. Either 
the INTRQ or DRQOUT/INTRQOUT 
output pins 


can be used for this interrupt as determined by the 
MODE and Host Control (HCON) SFR setting. The 
Host responds to the Request for Service interrupt by 
reading the Host Status (HSTAT) SFR to determine 
the source of the interrupt. The Host then reads the 
Threshold number of bytes from the FIFO. The inter- 
nal CPU may continue to write to the FIFO during the 
Host read of the FIFO Output channel. 


inter 


Data Stream Commands may be written to the Output 
FIFO channel at any time during a write of data bytes. 
The write instruction need only specify the Command 
Out (COUT) SFR in the direct register instruction 
used. Immediate Commands may also be written at any 
time to the Immediate Command OUT (IMOUT) SFR. 
The Host reads IIllinediate COIlllIiands flOlii the Imnle- 
diate Command OUT (IMOUT). 


The internal CPU can determine the number of bytes to 
write to the FIFO Output channel in one of three ways. 
The first, and most efficient, is by utilizing the internal 
DMA processor which will automatically manage the 
writing of data to avoid Underrun or Overrun Errors. 
The second is for the internal CPU to read the Output 
FIFO channels Read and Write Pointers and compare 
their values to determine the available space. The third 
method for determining the available FIFO space is to 
always write the programmed channel size number of 
bytes to the Output FIFO. This method would use the 
Overrun Error flag and interrupt to halt FIFO writing 
whenever the available space was less than the channel 
size. The interrupt service routine could read the chan- 
nel pointers to determine or monitor the available chan- 
nel space. The time required for the internal CPU to 
write data to the Output FIFO channel is a function of 
the individual instruction cycle time and the number of 
bytes to be written. 


The Host reads data or Data Stream Commands (DSC) 
from 
the 
FIFO 
in 
response 
to 
the 
Host 
Status 


(HSTAT) SFR flags and interrupts, 
if enabled. All 


Host read operations access the same UPI-452 internal 
I/O 
Buffer Latch. At the end of the previous Host 


FIFO read cycle a byte is loaded from the FIFO into 
the I/O Buffer Latch and Host Status (HSTAT) SFR 
bit 5 is set or cleared (1 = DSC, 0 = data) to reflect 
the state of the byte's FIFO ninth bit. If the FIFO ninth 
bit is set (= 1) indicating a DSC, an interrupt is gener- 
ated 
to 
the 
external 
Host 
via 
INTRQ 
pin 
or 


INTRQIN/INTRQOUT 
pins as determined by Host 


Control (HCON) SFR bit 1. The Host then reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The most efficient Host read operation of the FIFO 
Output channel is through the use of Host DMA. The 
UPI-452 fully supports external DMA handshaking. 
The MODE and Host Control SFRs control the config- 
uration of UPI-452 Host DMA handshake outputs. If 
Host DMA is used the Threshold Request for Service 
interrupt 
ass efts 
the 
TIPI45? 
DMA 
Request 
(DRQOUT) 
output. 
The Host DMA processor ac- 
knowledges with DACK which acts as a chip select of 
the FIFO 
channels. The DMA transfer would stop 
when either the threshold byte count had been read, as 
programmed in the Host DMA processor, or when the 
DRQOUT output is brought inactive by the UPI-452. 


This section covers the data path from the HOST to the 
internal CPU or internal DMA processor. The details 
of Data Stream Command or Immediate Command 
processing during internal DMA operations are cov- 
ered in the DMA section below. 


The Host writes data and Data Stream Commands into 
the FIFO through the FIFO IN (FIN) and Command 
IN (CIN) SFRs. When a Threshold number of bytes 
has been read out of the Input FIFO channel by the 
internal CPU, the Host Status SFR Input FIFO Re- 
quest for Service bit is set and an interrupt, if enabled, 
is generated to the Host. The Input FIFO Threshold 
interrupt tells the Host that it may write the next block 
of data into the FIFO. Either the INTRQ or DRQIN/ 
INTRQIN output pins can be used for this interrupt as 
determined by the MODE and Host Control (HCON) 
SFR settings. The Host may continue to write to the 
FIFO Input channel during the internal CPU read of 
the FIFO. Data Stream Commands may be written to 
the FIFO Input channel at any time during a write of 
data bytes. Immediate Commands may also be written 
at any time to the Immediate Command IN (IMIN) 
SFR. 


inter 


The Host also has three methods for determining the 
available FIFO space. Two are essentially identical to 
that of the internal CPU. They involve reading the 
FIFO Input channel pointers and using the Host Status 
SFR Underrun and Overrun Error flags and Request 
for Service interrupts these would generate, if enabled 
in combination. The third involves using the UPI-452 
Host DMA controller handshake signals and the pro- 
grammed Input FIFO Threshold. The Host would re- 
ceive a Request for Service interrupt when an Input 
FIFO channel has a Theshold number of bytes able to 
be written by the Host. The Host serviceroutine would 
then write the Threshold number of bytes to the FIFO. 


If a Host DMA is used to write to the FIFO Input 
channel, the Threshold Request for Service interrupt 
could assert the UPI-452 DRQIN output. The Host 
DMA processor would assert DACK and the FIFO 
write would be completed by Host the DMA processor. 
The DMA transfer would stop when either the Thresh- 
old byte count had been written or the DRQIN output 
was removed by the UPI-452. Additional details on 
Host and internal DMA operation is given below. 


At the end of an internal CPU read cycle a byte is 
loaded from the FIFO buffer into the FIFO IN/Com- 
mand IN SFR and Slave Status (SSTAT) SFR bit 1 is 
set or cleared (1 = data, 0 = DSC) to reflect the state 
of the FIFO ninth bit. If the byte is a DSC, the FIFO 
ninth bit is set (= 1) and an interrupt is generated, if 
enabled, to the Internal CPU. The internal CPU then 
reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt. 


Immediate Commands are written by the Host and 
read by the internal CPU through the Immediate Com- 
mand IN (IMIN) SFR. Once written, an Immediate 
Command sets the Slave Status (SSTAT) SFR flag bit 
and generates an interrupt, if enabled, to the internal 
CPU. In response to the interrupt the internal CPU 


CHANNEL 
BOUNDRY 
POINTER 
(CBP) 


reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt and servicethe Immediate Com- 
mand. 


The Host does not have direct control of the FIFO 
Input or Output channel sizes or configuration. The 
Host can, however, issue Data Stream Commands or 
Immediate Commands to the UPI-452 instructing the 
UPI-452 to reconfigure the FIFO interface by invoking 
FIFO DMA Freeze Mode. The Data Stream Com- 
mand or Immediate Command would be a vector to a 
serviceroutine which performs the specificreconfigura- 
tion. 


The default power-on reset FIFO channel sizes are list- 
ed in the "Initialization" section and can be set only by 
the internal CPU during FIFO DMA Freeze Mode. 
The FIFO channel size is selected to achieve the opti- 
mum application performance. The entire 128 byte 
FIFO can be allocated to either the Input or Output 
channel. In this case the other channel consists of a 
single SFR; FIFO IN/Command IN or FIFO OUT/ 
Command OUT SFR. Figure 4 shows a FIFO division 
with a portion devoted to each channel. Figure 5 shows 
a FIFO configuration with all 128bytes assigned to the 
Output channel. 


The FIFO channel Threshold feature allows the user to 
match the FIFO channel size and the performance of 
the internal and Host data transfer rates. The pro- 
grammed Threshold provides an elasticity to the data 
transfer operation. An example is if the Host FIFO 
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HOST CPU 
FIFO IN SFR 


CHANNEL 
INTERNAL 
BOUNDRY 
CPU 
POINTER 
FIFO 
(CBP) 
INPUT 
FIFO OUT SFR 
CHANNEL 


data transfer rate is twice as fast as the internal FIFO 
DMA data transfer rate. In this example the FIFO In- 
put channel size is programmed to be 64 bytes and the 
Input channel Threshold is programmed to be 20 bytes. 
The Host writes the first 64 bytes to the Input FIFO. 
When the internal DMA processor has read 20 bytes 
the Threshold interrupt, or DMA request (DRQIN), is 
generated to signal the Host to begin writing more data 
to the Input FIFO channel. The internal DMA proces- 
sor continues to read data from the Input channel as 
the Host, or Host DMA processor, writes to the FIFO. 
The Host can write 40 bytes to the FIFO Input chan- 
nels in the time it takes for the internal DMA processor 
to read 20 more bytes from it. This will keep both the 
Host and internal DMA operating at their maximum 
rates without forcing one to wait for the other. 


Two methods of managing the FIFO size are possible; 
fixed and variable channel size. A fixed channel size is 
one where the channel is configured at initialization 
and remains unchanged throughout program execution. 
In a variable FIFO channel size, the configuration is 
changed dynamically to meet the data transmission re- 
quirements as needed. An example of a variable chan- 
nel size application is the mass storage subsystem de- 
scribed earlier. To meet the demands of a large data 
block transfer the FIFO size could be fully allocated to 
the Input or Output channel as needed. The Thresholds 
are also reprogrammed 
to match the respective data 
transfer rates. 


An example of a fixed channel size application might be 
one which uses the UPI-4S2 to directly control a series 
of stepper motors. The UPI-4S2 manages the motor 
operation and status as required. This would include 
pulse train, acceleration, 
deceleration and feedback. 


The Host transmits motor commands to the UPI-4S2 in 
blocks of 6-10 bytes. Each block of motor command 
data is preceded by a command to the UPI-4S2 which 
selects a specific motor. The UPI-4S2 transmits blocks 
of data to the Host which provides motor and overall 
system status. 
The data 
and embedded 
commands 
structure, indicating the specific motor, is the same. In 


this example the default 64 bytes per channel might be 
adequate for both channels. 


Interrupts enable the Host UPI-4S2 FIFO buffer inter- 
face and the internal CPU FIFO buffer interface to 
operate with a minimum of overhead on the respective 
CPU. Each CPU is "interrupted" 
to service the FIFO 
on an as needed basis only. In configuring the FIFO 
buffer Thresholds and choosing the appropriate inter- 
nal DMA Mode the user must take into account the 
interrupt response time for both CPUs. These response 
times will affect the DMA transfer rates for each chan- 
nel. By choosing FIFO channel Thresholds which re- 
flect both the respective DMA transfer rate and the 
interrupt response time the user will achieve the maxi- 
mum data throughput and system bus decoupling. This 
in turn will mean the overall available system bus band- 
width will increase. 


The following section describes the FIFO interrupt in- 
terface to the Host and internal CPU. It also describes 
an analysis of sample interrupt response times for the 
Host and UPI-4S2 internal CPU. These equations and 
the example times shown are then used in the DMA 
section to further analyze an optimum Host UPI-4S2 
interface. 


Interrupts to the Host processor are supported by the 
three 
UPI-4S2 
output 
pins; 
INTRQ, 
DRQIN/ 
INTRQIN 
and DRQOUT/INTRQOUT. 
INTRQ is a 
general purpose Request For Service interrupt output. 
DRQINIINTRQIN 
and DRQOUTIINRQOUT 
pins 
are multiplexed to provide two special "Request for 
Service" FIFO interrupt request lines when DMA is 
disabled. A FIFO Input or Output channel Request for 
Service interrupt is generated based upon the value pro- 
grammed in the respective channel's Threshold SFRs; 
Input 
Threshold 
(ITHR), 
and 
Output 
Threshold 


(OTHR) SFRs. Additional interrupts are provided for 
FIFO 
Underrun 
and Overrun 
Errors, 
Data 
Stream 
Commands 
and Immediate Commands. Table 4 lists 
the eight UPI-452 interrupt sources as they appear in 
the HSTAT SFR to the Host processor. 
Table 4 UPI·452 to Host Interrupt Sources 
HSTAT 
Interrupt Source 
SFR Bit 


HST7 
Output FIFO Underrun 
Error 


HST6 
Immediate 
Command 
Out SFR Status 


HST5 
Data Stream Command/Data 
at Output 
FIFO Status 


HST4 
Output 
FIFO Request for Service Status 


HST3 
Input FIFO Overrun 
Error Condition 


HST2 
Immediate 
Command 
In SFR Status 


HST1 
FIFO DMA FreezelNormal 
Mode 
Status 


HSTO 
Input FIFO Request 
for Service 


The interrupt response time required by the Host proc- 
essor is application and system specific. In general, a 
typical sequence of Host interrupt ~esponse eve~ts a~d 
the approximate times associated With each are listed In 
Equation 1. 


The 
example 
assumes 
the 
hardware 
configuration 
shown in Figure 1,iAPX 2861UPI-452 Block Diagram, 
with an 8259A Progranimable 
Interrupt 
Controller. 


The timing analysis in Equation I also assumes the fol- 
lowing; no other interrupt is either in process or pend- 
ing, nor is the 286 in a LOCK condition. The current 
instruction completion time is 8 clock cycles (800 ns @ 
10 MHz), or 4 bus cycles. The interrupt service routine 
first executes a PUSHA instruction, PUSH All General 
cycles {roumle<1to ComPlete-bus'cycle). The next serv- 
ice routine instruction reads the UPI-452 Host Status 
SFR to determine the interrupt source. 


It is important to note that any UPI-452 INTRQ inter- 
rupt service routine should ALWAYS mask for the 
Freeze Mode bit first. This will insure that Freeze 
Mode always has the highest priority. This will also 
save the time required to mask for bits which are forced 
inactive during 
Freeze 
Mode, before checking the 
Freeze Mode bit. Access to the FIFO channels by the 
Host is inhibited during Freeze Mode. Freeze Mode is 
covered in more detail below. 


To initiate the interrupt 
the UPI-452 
activates the 
INTRQ output. The interrupt acknowledge sequence 
requires two bus cycles, 400 ns (10 MHz iAPX 286), 
for the two INT A pulse sequence. 


Equation 1. Host Interrupt Response Time 


Bus 
Action 
Time 
Cycles. 


Current instruction 
execution 
completion 
INTA sequence 
Interrupt 
service routine (time 
to host first READ of UPI-452) 


Total Interrupt 
Response 
Time 


800 ns 
400 ns 


2000 ns 


2.3/ks 


NOTE: 
10 MHz iAPX 286 bus cycle, 200 ns each 


The internal CPU FIFO interrupt interface is essential- 
ly identical to that of the Host to the FIFO. T~ree 
internal interrupt sources support the FIFO operation; 
FIFO-Slave bus Interface Buffer, DMA Channel 0 and 
DMA Channel I Requests. These interrupts provide a 
maximum decoupling of the FIFO buffer and the inter- 
nal CPU. The four different internal 
DMA 
Modes 


available add flexibility to the interface. 


The FIFO-Slave Bus Interface interrupt 
response is 


also similar to the Host response to an INTRQ Request 
for Service interrupt. The internal CPU responds to the 
interrupt by reading the Slave Status (SSTAT) SFR to 
determine the source of the interrupt. This allows the 
user to prioritize the Slave Status flag response to meet 
the users application needs. 
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is enabled, and the interrupt priority. In general, to fin- 
ish execution of the current instruction, respond to the 
interrupt request, push the Program Counter (PC) and 
vector to the first instruction of the interrupt service 
routine requires from 38 to 86 oscillator periods (2.38 
to 5.38 /ks @ 16 MHz). If the interrupt is due to an 
Immediate Command or DSC, additional time is re- 
quired to read the Immediate Comm~d 
or I?SC SF~ 
and vector to the appropriate 
service routine. This 


means two service routines back to back. One service 
routine to read the Slave Status (SSTAT) SFR to deter- 
mine the source of the Request for Service interrupt, 
and second the service routine pointed to by the Imme- 
diate Command or DSC byte read from the respective 
SFR. 


DMA is the fastest and most efficient way for the Host 
or internal CPU to communicate with the FIFO buffer. 
The UPI-452 provides support for both of these DMA 
paths. The two DMA paths and operations are fully 
independent of each other and can function simulta- 
neously. While the Host DMA processor is performing 
a DMA transfer to or from the FIFO, the UPI-452 
internal DMA processor can be doing the same. 


Below are descriptions of both the Host and internal 
DMA operations. Both DMA paths can operate asyn- 
chronously and at different transfer rates. In order to 
make the most of this simultaneous asynchronous oper- 
ation it is necessary to calculate the two transfer rates 
and accurately match their operations. Matching the 
different transfer rates is done by a combination of ac- 
curately programmed FIFO channel size and channel 
Thresholds. This provides the maximum Host and in- 
ternal CPU to FIFO buffer interface decoupling. Below 
is a description of each of the two DMA operations and 
sample calculations for determining transfer rates. The 
next section of this application note, "Interface Laten- 
cy", details the considerations involved in analyzing ef- 
fective transfer rates when the overhead associated with 
each transfer is considered. 


DMA transfers between the Host and UPI-452 FIFO 
buffer are controlled by the Host CPU's DMA control- 
ler, and is independent of the UPI-452's internal two 
channel DMA processor. The UPI-452's internal DMA 
processor supports data transfers between the UPI-452 
internal RAM, external RAM (via the Local Expansion 
Bus) and the various Special Function Registers includ- 
ing the FIFO Input and Output channel SFRs. 


The maximum DMA transfer rate is achieved by the 
minimum DMA transfer cycle time to accomplish a 
source to destination move. The minimum Host UPI- 
452 FIFO DMA cycle time possible is determined by 
the READ and WRITE pulse widths, UPI-452 com- 
mand recovery times in relation to the DMA transfer 
timing and DMA controller transfer mode used. Table 
5 shows the relationship between the iAPX-286, iAPX- 
186 and UPI-452 for various DMA as well as non- 
DMA byte by byte transfer modes versus processor fre- 
quencies. 


Host processor speed vs wait states required with UPI- 
452 running at 16 MHz: 


Table 5. Host UPI·452 
Data Transfer 
Performance 


Walt States: 
DMA: 
Processor & 
Back to Back 
Two 
Speed 
READ! 
Single 
Cycle 
WRITE's 
Cycle 


iAPX-186' 
8 MHz 
0 
N/A' 
0 
10 MHz 
0 
N/A' 
0 
12.5 MHz 
1 
N/A' 
0 
iAPX-286" 
6 MHz 
0 
0 
0 
8MHz 
1 
1 
0 
10 MHz 
2 
2 
0 


NOTES: 
• iAPX 186 On-ChipDMA processor is two cycle operation 
only. 


•• iAPX 286 assumes 82258 ADMA (or other DMA) run- 


ning286 bus cycles at 286 clock rate. 


In this application note system example, shown in Fig- 
ure I, DMA operation is assumed to be two bus cycle 
I/O to memory or memory to I/O. Two cycle DMA 
consists of a fetch bus cycle from the source and a store 
bus cycle to the destination. The data is stored in the 
DMA controller's registers before being sent to the des- 
tination. Single cycle DMA transfers involve a simulta- 
neous fetch from the source and store to the destina- 
tion. As the most common method of I/O-memory 
DMA operation, two cycle DMA transfers are the fo- 
cus of this application note analysis. Equation 2 illus- 
trates a calculation of the overall transfer rate between 
the FIFO buffer and external Host for a maximum 
FIFO size transfer. The equation does not account for 
the latency of initiating the DMA transfer. 


Equation 
2. Host FIFO I;)MA Transfer 
Rate-Input 
or Output Channel 


2 
Cycle DMATransfer-I/O 
(UPI-452) to System 
Memory 
FIFO channel size' (DMA READ/WRITE 
FIFO time + DMAWRITE/READ Memory 
Time) 
128 bytes' 
(200 ns + 200 ns) 
51.2 p.s 
256 bus cycles' 


NOTES: 
'10 MHz iAPX 286, 200 ns bus cycles. 


The UPI-452 design is optimized for high speed DMA 
transfers between the Host and the FIFO buffer. The 


UPI-452 internal FIFO buffer control logic provides 
the necessary synchronization of the external Host 
event and the internal CPU machine cycle during 
UPI-452 RDIWR accesses.This internal synchroniza- 
tion is addressed by the TCC AC specification of the 
UPI-452 shown in Figure 6. TCC is the time from the 
leading or trailing edge of a UPI-452 RDIWR to the 
same edge of the next UPI-452 RDIWR. The TCC 
time is effectivelyanother way of measuring the system 
bus cycle time with reference to UPI-452 accesses. 


In the iAPX-286 10MHz system depicted in this appli- 
cation note the bus cycle time is 200 ns. Alternate cycle 
accessesof the UPI-452 during two cycle DMA opera- 
tion yieldsa TCC time of 400 ns which is more than the 
TCC minimum time of 375 ns. Back to back Host 
UPI-452 READIWRITE 
accesses may require wait 


states as shown in Table 5. The difference between 10 
MHz iAPX-186 and 10 MHz iAPX 286 required wait 
states is due to the number of clock cyclesin the respec- 
tive bus cycle timings. The four clocks in a 10 MHz 
iAPX 186 bus cycle means a minimum TCC time of 
400 ns versus 200 ns for a 10MHz iAPX 286 with two 
clock cycle zero wait state bus cycle. 


DMA handshaking between the Host DMA controller 
and the UPI-452 is supported by three pins on the UPI- 
452; 
DRQINIINTRQIN, 
DRQOUTIINTRQOUT 
and DACK. The DRQIN/INTRQIN 
and DRQOUT/ 
INTRQOUT outputs are two multiplexed DMA or in- 
terrupt request pins. The function of these pins is con- 
trolled by MODE SFR bit 6 (MD6). DRQIN and 
DRQOUT provide a direct interface to the Host system 
DMA controller (see Figure I). In response to a 
DRQIN or DRQOUT request, the Host DMA control- 
ler initiates control of the system bus using HLD/ 
HLDA. The FIFO Input or Output channel transfer is 
accomplished with a minimum of Host overhead and 
system bus bandwidth. 


' 
1 


The third handshake signal pin is DACK which is used 
as a chip select during DMA data transfers. The UPI- 
452 Host READ and WRITE input signals select the 
respective Input and Output FIFO channel during 
DMA transfers. The CS and address lines provide 
DMA acknowledge for processors with onboard DMA 
controllers which do not generate a DACK signal. 


The iAPX 286 Block I/O Instructions provide an alter- 
native to two cycle DMA data transfers with approxi- 
mately the same data rate. The String Input and Out- 
put instructions (INS & OUTS) when combined with 
the Repeat (REP) prefix, modifies INS and OUTS to 
provide a means of transferring blocks of data between 
I/O and Memory. The data transfer rate using REP 
INS/OUTS instructions is calculated in the same way 
as two cycle DMA transfer times. Each READ or 
WRITE would be 200 ns in a 10 MHz iAPX 286 sys- 
tem. The maximum transfer rate 
possible is 2.5 
MBytes/second. The Block I/O FIFO data transfer 
calculation is the same as that shown in Equation 2 for 
two cycle DMA data transfers including TCC timing 
effects. 


During a Host DMA write to the FIFO, if a DSC is to 
be written, the DMA transfer is stopped, the DSC is 
written and the DMA restarted. During a Host DMA 
read from the FIFO, if a DSC is loaded into the I/O 
Buffer Latch the DMA request, DRQOUT, will be de- 
activated (see Figure 2 above). The 
Host Status 


(HSTAT) SFR Data Stream Command bit is set and 
the INTRQ interrupt output goes active, if enabled. 
The Host responds to the interrupt as described above. 


I' 
TCC 
'I 
RD#/WR#----j-~ I 
~ 
I 


TRR/TWW 
':---TRV------=1 
TRR/TWWI. 
C-----TCC 
,r 


Symbol 
Description 
Var.Osc. 
@16MHz 


TCC 
Command 
Cycle 
6' 
Tclcl 
375 nsmin 
Time 
TRV 
Command 
Recovery 
75 
75 ns min 
Time 


Once INTRQ is deactivated and the DSC has been read 
by the Host, the DMA request, DRQOUT, is reassert- 
ed by the UPI-452. The DMA request then remains 
active until the transfer is complete or another DSC is 
loaded into the I/O Buffer Latch. 


An Immediate Command written by the internal CPU 
during a Host DMA FIFO transfer also causes the 
Host Status flag and INTRQ to go active if enabled. In 
this case the Immediate Command would not ~erminate 
the DMA transfer unless terminated by the Host. The 
INTRQ line remains active until the Host reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The net effect of a Data Stream Command (DSC) on 
DMA data transfer rates is to add an additional factor 
to the data transfer rate equation. This added factor is 
shown in Equation 3. An Immediate Command has the 
same effect on the data transfer rate if the Immediate 
Command interrupt is recognized by the Host during a 
DMA transfer. If the DMA transfer is completed be- 
fore the Immediate Command interrupt is recognized, 
the effect on the DMA transfer rate depends on wheth- 
er the block being transmitted is larger than the FIFO 
channel 
size. If the block is larger than 
the pro- 
grammed FIFO channel size the transfer rate depends 
on whether the Immediate Command flag or interrupt 
is recognized between partial block transfers. 


The FIFO configuration shown in Equation 3 is arbi- 
trary since there is no way of predicting the size relative 
to when a DSC would be loaded into the I/O Buffer 
Latch. The Host DMA rate shown is for a UPI-452 


(Memory Mapped or I/O) 
to 286 System Memory 


transfer as described earlier. The equations do not ac- 
count for the latency of intiating the DMA transfer. 


Equation 
3. Minimum host FIFO DMA Transfer 
Rate Including 
Data Stream 
Command{s) 


Minimum 
Host/FIFO 
DMA Transfer 
Rate wi DSC 
FIFO size' 
Host DMA 2 cycle time transfer 
rate 
+ iAPX 286 interrupt 
response 
time (Eq. /I 1) 
(32 bytes' 
(200 ns + 200 ns» + 2.3 J.Ls 
15.1 J.Ls 
75.5 bus cycles (@10 MHz iAPX286, 
200 ns 
bus cycle) 


The two identical internal DMA channels allow high 
speed data transfers from one UPI-452 writable memo- 
ry space to another. The following UPI-452 memory 
spaces can be used with internal DMA channels: 


Internal Data Memory (RAM) 
External Data Memory (RAM) 
Special Function Registers (SFR) 


The FIFO can be accessed during internal DMA opera- 
tions by specifying the FIFO 
IN (FIN) SFR as the 
DMA 
Source Address 
(SAR) 
or the 
FIFO 
OUT 
(FOUT) SFR as the Destination Address (DAR). Ta- 
ble 6 lists the four types of internal DMA transfers and 
their respective timings. 


Source 
Destination 
Machine 
@j2MHz 
@16MHz 
Cycles" 


Internal 
Data 
Internal Data 
Mem.orSFR 
Mem.orSFR 
1 
1 J.Ls 
750 ns 
Internal 
Data 
External 
Data 
Mem.orSFR 
Mem. 
1 
1 J.Ls 
750 ns 
External 
Data 
Internal Data 
Mem. 
Mem.orSFR 
1 
1 J.Ls 
750 ns 
'External 
Data 
External 
Data 
Memory 
Memory 
2 
2 J.Ls 
1.5 J.Ls 


NOTES: 
'External Data MemoryDMAtransfer applies to UPI-452LocalBus only. 
"MSC-51 Machinecycle = 12 clock cycles (TCLCL). 
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The effect of Data Stream Commands and Immediate 
Commands on the internal DMA transfers is essentially 
the same as the effect on Host FIFO DMA transfers. 
Recognition also depends upon the programmed DMA 
Mode, the interrupts enabled, and their priorities. The 
net internal effect is the same for each possible internal 
case. The time required to respond to the Immediate or 
Data Stream Command is a function of the instruction 
time required. This must be calculated by the user 
based on the instruction cycle time given in the MSC- 
51 Instruction Set description in the Intel Microcon- 
troller Handbook. 


It is important to note that the internal DMA processor 
modes and the internal FIFO logic work together to 
automatically manage internal DMA transfers as data 
moves into and out of the FIFO. The two most appro- 
priate internal DMA processor modes for the FIFO are 
FIFO Demand Mode and FIFO Alternate Cycle Mode. 
In FIFO Demand Mode, once the correct Slave Con- 
trol and DMA Mode bits are set, the internal Input 
FIFO 
channel DMA 
transfer 
occurs whenever the 
Slave Control Input FIFO Request for Service flag is 
set. The DMA 
transfer 
continues until the flag is 
cleared or when the Input FIFO Read Pointer SFR 
(IRPR) equals zero. If data continues to be entered by 
the Host, the internal DMA continues until an internal 
interrupt of higher priority, if enabled, interrupts the 
DMA transfer, the internal DMA byte count reaches 
zero or until the Input FIFO Read Pointer equals zero. 
A complete description of interrupts and DMA Modes 
can be found in the UPI-452 Data Sheet. 


The internal DMA processor has four modes of opera- 
tion. Each DMA channel is software programmable to 
operate in either Block Mode or Demand Mode. De- 
mand Mode may be further programmed to operate in 
Burst or Alternate Cycle Mode. Burst Mode causes the 
internal processor to halt its execution and dedicate its 
resources exclusively to the DMA transfer. Alternate 
Cycle Mode causes DMA cycles and instruction cycles 
to occur alternately. 
A detailed description of each 
DMA Mode can be found in the UPI-452 Data Sheet. 


The interface latency is the time required to accommo- 
date all of the overhead associated with an individual 
data transfer. Data transfer rates between the Host sys- 
tem and UPI-452 FIFO, with a block size less than or 
equal to the programmed FIFO channel size, are calcu- 
lated using the Host system DMA 
rate. (see Host 
DMA description above). ·In this case, the entire block 
could be transferred in one operation. The total latency 
is the time required to accomplish the block DMA 
transfer, the interrupt 
response or poll of the Host 
Status SFR response time, and the time required to ini- 
tate the Host DMA processor. 


A DMA transfer between the Host and UPI-452 FIFO 
with a block size greater than the programmed FIFO 
channel size introduces additional overhead. This addi- 
tional overhead is from three sources; first, is the time 
to actually perform the DMA transfer. Second, the 
overhead of initializing the DMA processor, third, the 
handshaking 
between each FIFO 
block required to 
transfer the entire data block. This could be time to 
wait for the FIFO to be emptied and/or the interrupt 
response time to restart the DMA transfer of the next 
portion of the block. A fourth component may also be 
the time required to respond to Underrun and Overrun 
FIFO Errors. 


Table 7 shows six typical FIFO Input/Output 
channel 
sizes and the Host DMA transfers times for each. The 
timings shown reflect a 10 MHz system bus two cycle 
I/O to Memory DMA transfer rate of 2.5 MBytes/sec- 
ond as shown in Equation I. The times given would be 
the same for iAPX 286 I/O block move instructions 
REP INS and REP OUTS as described earlier. 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
% 
% 
% 
% 
3/4 
Full or Empty 


ime 
12.8 17.2 25.6 34.0 38.4 
51.21 
p..s 


Table 8 shows six typical FIFO Input/Output 
channel 
sizes and the internal DMA processor data transfers 
times for each. The timings shown are for a UPI-452 
single cycle Burst Mode transfer at 16 MHz or 750 ns 
per machine cycle in or out of the FIFO channels. The 


machine cycle time is that of the MSC-51 CPU; 6 
states, 2 XTAL2 clock cycles each or 12 clock cycles 
per machine cycle. Details on the MSC-51 machine cy- 
cle timings and operation may be found in the Intel 
Microcontroller Handbook. 


Table 8. UPI-452 Internal 
DMA FIFO 
Data Transfer 
Times 


FIFO Size: 
32 
43 
64 
85 
96 
128 I bytes 
Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


Time 
24.0 32.3 48.0 64.6 72.0 
96.0 I 
fJos 


A larger than programmed 
FIFO channel size data 
block internal DMA transfer requires internal arbitra- 
tion. The UPI-452 provides a variety of features which 
support 
arbitration 
between the two internal DMA 
channels and the FIFO. An example is the internal 
DMA processor FIFO Demand Mode described above. 
FIFO Demand Mode DMA transfers occur continu- 
ously until the Slave Status Request for Service Flag is 
deactivated. Demand Mode is especially useful for con- 
tinuous data transfers requiring immediate attention. 
FIFO Alternate Cycle Mode provides for iriterleaving 
DMA transfers and instruction 
cycles to achieve a 
maximum of software flexibility. Both internal DMA 
channels can be used simultaneously to provide contin- 
uous transfer for both Input and Output FIFO chan- 
nels. 


Byte by byte transfers between the FIFO and internal 
CPU timing is a function of the specific instruction cy- 
cle time. Of the III MCS-51 instructions, 64 require 12 
clock cycles, 45 require 24 clock cycles and 2 require 48 
clock cycles. Most instructions involving SFRs are 24 
clock cycles except accumulator 
(for example, MOV 
direct, A) or logical operations (ANL direct, A). Typi- 
cal instruction and their timings are shown in Table 9. 


Oscillator Period: 
@ 12 MHz = 83.3 ns 
@ 16 MHz = 62.5 ns 


Instruction 
Oscillator 
@12MHz 
@16MHz 
Periods 


MOV directt. A 
12 
1 fJos 
750 ns 
MOV direct, direct 
24 
2 fJos 
1.5 fJos 


NOTE: 
t Direct = 8-bitinternaldata locations address. This could 
be an InternalData RAMlocation(0-255) or a SFR [Le.,1/ 
o port, control register. etc.] 


Byte by byte FIFO data transfers introduce an addi- 
tional overhead factor not found in internal DMA op- 
erations. This factor is the FIFO block size to be trans- 
ferred; the number of empty locations in the Output 
channel, or the number of bytes in the Input FIFO 


channel. As described above in the FIFO Data Struc- 
ture section, the block size would have to be deter- 
mined by reading the channel read and write pointer 
and calculating the space available. Another alternative 
uses the FIFO Overrun and Underrun Error flags to 
manage the transfers by accepting error flags. In either 
case the instructions needed have a significant impact 
on the internal FIFO data transfer rate latency equa- 
tion. 


A typical effective internal FIFO channel transfer rate 
using internal DMA is shown in Equation 4. Equation 
5 shows the latency using byte by byte transfers with an 
arbitrary factor added for internal CPU block size cal- 
culation. These two equations contrast 
the effective 
transfer rates when using internal DMA versus individ- 
ual instructions 
to transfer 
128 bytes. The effective 
transfer rate is approximately four times as fast using 
DMA versus using individual instructions (96 fJoswith 
DMA versus 492 fJosnon-DMA). 


Equation 
4. Effective 
Internal 
FIFO 
Transfer 
Time Using Internal 
DMA 
Effective Internal FIFO Transfer Rate with DMA 
FIFO channel size • Internal DMA Burst Mode 
Single Cycle DMATime 
128 Bytes • 750 ns 
96 fJos 


Equation 
5. Effective 
FIFO Transfer 
Time Using Individual Instructions 
Effective Internal FIFO Transfer 
Rate without DMA 
FIFO channel size • Instruction Cycle Time + 
Block size calculation Time 
128 Bytes • (24 oscillator periods @ 16 MHz) + 
20 instructions (24 oscillator period each 
@ 16 MHz) 
128' 
1.5 fJos+ 300 fJoS 
492 fJos 


FIFO DMA FREEZE 
MODE 
INTERFACE 


FIFO DMA Freeze Mode provides a means of locking 
the Host out of the FIFO Input and Output channels. 
FIFO DMA Freeze Mode can be invoked for a variety 
of reasons, for example, to reconfigure the UPI-452 Lo- 
cal Expansion Bus, or change the baud rate on the seri- 
al channel. The primary reason the FIFO DMA Freeze 
Mode is provided is to ensure that the Host does not 
read from or write to the FIFO while the FIFO inter- 
face is being altered. ONLY the internal CPU has the 
capability of altering the FIFO Special Function Regis- 
ters, and these SFRs can ONLY be altered during 
FIFO DMA Freeze Mode. FIFO DMA Freeze Mode 
inhibits Host access of the FIFO while the internal 
CPU reconfigures the FIFO. 


~Ull..!L ~ue: 
me: UCl-'t:>" 
IS III normal operation. tle- 
cause the external CPU runs asynchronously to the in- 
ternal CPU, invoking freeze mode without first proper- 
ly resolving the FIFO Host interface may have serious 
consequences. Freeze Mode may be invoked only by 
the internal CPU. 


Either the Host or internal CPU can request FIFO 
DMA Freeze Mode. The first step is to issue an Imme- 
diate Command indicating that FIFO DMA Freeze 
Mode will be invoked. Upon receiving the Immediate 
Command, the external CPU should complete servicing 
all pending interrupts and DMA requests, then send an 
Immediate Command back to the internal CPU ac- 
knowledging the FIFO DMA Freeze Mode request. 
After issuing the first Immediate Command, the inter- 
nal CPU should not perform any action on the FIFO 
until FIFO DMA Freeze Mode is invoked. The hand- 
shaking is the same in reverse if the HOST CPU initi- 
ates FIFO DMA Freeze Mode. 


The internal CPU invokes Freeze Mode by setting bit 3 
of the Slave Control SFR (SC3). This automatically 
forces the Slave and Host Status SFR FIFO DMA 
Freeze Mode to In Progress (SSTAT SST5 = 0, 
HSTAT SFR HSTI = I). INTRQ goes active, if en- 
abled by MODE SFR bit 4, whenever FIFO DMA 
Freeze Mode is invoked to notify the Host. The Host 
reads the Host Status SFR to determine the source of 
the interrupt. INTRQ and the Slave and Host Status 
FIFO DMA Freeze Mode bits are reset by the Host 
READ of the Host Status SFR. 
After the slavebus interface is frozen, the internal CPU 
can perform the operations listed below on the FIFO 
Special Function Registers. These operations are al- 
lowed only during FIFO DMA Freeze Mode. Table 11 
summarizes the characteristics of all the FIFO Special 
Function Registers during Normal and FIFO DMA 
Freeze Modes. 


During FIFO DMA Freeze Mode the Host has access 
to the Host Status and Control SFRs. All other Host 
FIFO interface.access is inhibited. Table 10 lists the 
FIFO DMA Freeze Mode status of all slave bus inter- 
face Special Function Registers. The internal DMA 
processor is disabled during FIFO DMA Freeze Mode 
and the internal CPU has write access to all of the 
FIFO control SFRs (Table II). 


For FIFO 
Reconfiguration 
I. Changing the Channel Boundary 
Pointer SFR. 
2. Changing the Input and Output 
Threshold SFR. 


3. Writing to the read and write 
pointers of the Input and Output 
FIFO's. 
4. Writing to and reading the Host 
Control SFRs. 
5. Controlling some bits of Host and 
Slave Status SFRs. 


6. Reading the Immediate Command 
Out SFR and Writing to the Im- 
mediate Command in SFR. 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the host, only the last two bytes of data written 
into or read from the FIFO will be valid. The timing 
diagram for disabling the FIFO module to the external 
Host interface is illustrated in Figure 7. Due to this 
synchronization sequence, the UPI-452 might not go 
into FIFO DMA Freeze Mode immediately after the 
Slave Control SFR FIFO 7 DMA Freeze Mode bit 
(SC3) is set = O. A special bit in the Slave Status SFR 
(SST5) is provided to indicate the status of the FIFO 
DMA Freeze Mode. The FIFO DMA Freeze Mode 


I 
To Enhance the 
testability 


:: 
: 
A FIFO RD/WR 
AFTER 
, • _. 
INTERFACE FREEZE IS 
INVOKED WILL CAUSE 
HST3 OR HST7 TO BE SET 
INTRO J 
! 
_ 


NOTE: 
Timing Diagram of disabling of FIFO Module-External 
Host Interface. 


Figure 7. Disabling 
FIFO to Host Slave Interface 
Timing Diagram 
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The 
sequence of 
events for 
invoking 
FIFO 
DMA 
Freeze Mode are listed in Figure 8. 


1. Immediate 
Command 
to 
request 
FIFO 
DMA 
Freeze 
Mode (interrupt) 


2. Host/internal 
CPU interrupt 
response/service 


3. Host/internal 
CPU 
clear/service 
all 
pending 
interrupts 
and FIFO data 


4. Internal 
CPU 
sets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit 
= 
0, 
FIFO 
DMA 
Freeze 
Mode, 
Host 
Status 
SFR 
FIFO 
DMA 
Freeze 
Mode Status bit = 1, INTRQ active 
(high) 


5. Host READ Host Status SFR 


6. Internal 
CPU reconfigures 
FIFO SFRs 


7. Internal 
CPU 
resets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit 
= 
1, Normal 
Mode, 
Host 
Status 
FIFO DMA Freeze 
Mode 
Status 
bit = 
O. 


8. Internal 
CPU issues 
Immediate 
Command 
to 
Host indicating 
that FIFO DMA Freeze Mode is 
complete 


or 


Host polls Host Status SFR FIFO DMA Freeze 
Mode bit to determine 
end of reconfiguration 


Figure 8. Sequence 
of Events to Invoke 
FIFO DMA Freeze 
Mode 


An 
example of the time 
required 
to reeonfigure 
the 
FIFO 
180 degrees, for example from 128 bytes Input to 


128 bytes Output, 
is shown in Figure 9. The example 


approximates 
the time based on several assumptions; 


1. The FIFO 
Input channel is full-128 
bytes of data 


2. Output 
FIFO 
channel is empty-I 
byte 


3. No Data Stream Co=ands 
in the FIFO. 


4. The I=ediate 
Co=and 
interrupt 
is responded to 
immediately-highest 
priority-by 
Host 
and inter- 
nal CPU. 


5. Respective interrupt 
response times 
a. Host (Equation 
3 above) = approximately 
1.6 IJos 
b. Internal 
CPU is 86 oscillator 
periods or approxi- 
mately 5.38 IJosworst case. 


Event 
Immediate 
Command 
from Host 
to UPI-452 to request 
FIFO DMA 
Freeze Mode (iAPX286 WRITE) 


Internal CPU interrupt 
response/ 
service 


Internal CPU clears FIFO-128 
bytes DMA 


Internal CPU sets Slave Control 
Freeze Mode bit 


Immediate 
Command 
to Host- 
Freeze Mode in progress 
Host 
Immediate 
Command 
interrupt 
response 


Internal CPU reconfigures 
FIFO 
SFRs 
Channel 
Boundary 
Pointer SFR 
Input Threshold 
SFR 
Output Threshold 
SFR 


Internal CPU resets Slave 
Control (SLCON) 
Freeze Mode 
bit = 1, Normal Mode, and 
automatically 
resets Host Status 
FIFO DMA Freeze Mode bit 


Internal CPU writes Immediate 
Command 
Out 


Host Immediate 
Command 
interrupt 
service 


Total Minimum Time to 
Reconfigure 
FIFO 


Figure 9. Sequence 
of Events to Invoke 
FIFO 
DMA Freeze 
Mode and TImings 


Time 
0.30 IJos 


0.751Jos 
0.751Jos 
0.751Jos 


2.31Jos• 


Interface 
Pins; 
Operation 
In 
Status In 
DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 
Normal 
Mode 
Freeze 
Mode 
1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 


1 
0 
0 
1 
1 
1 
0 
Write Host Control 
SFR 
Disabled 
1 
0 
0 
0 
0 
0 
1 
Data or DMA data from 
Disabled 
Output Channel 
1 
0 
0 
0 
0 
1 
0 
Data or DMA data to 
Disabled 
Input Channel 
1 
0 
0 
0 
1 
0 
1 
Data Stream Command 
from 
Disabled 
Output Channel 
1 
0 
0 
0 
1 
1 
0 
Data Stream Command 
to 
Disabled 
Input Channel 
1 
0 
1 
0 
0 
0 
1 
Read Immediate 
Command 
Disabled 
Out from Output Channel 
1 
0 
1 
0 
0 
1 
0 
Write Immediate 
Command 
Disabled 
In to Input Channel 
0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
Channel 
0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


NOTE: 
X = don't 
care 


Normal 
Freeze 
Mode 
Label 
Name 
Operation 
Operation 
(SST5 = 1) 
(SST5 = 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 
HSTAT 
Host Status 
Read Only 
Read & Write 
SLCON 
Slave Control 
Read & Write 
Read & Write 
SSTAT 
Slave Status 
Read Only 
Read & Write 
IEP 
Interrupt 
Enable 
& Priority 
Read & Write 
Read & Write 
MODE 
Mode Register 
Read & Write 
Read & Write 
IWPR 
Input FIFO Write Pointer 
Read Only 
I 
Read & Write 
IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 
OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 
ORPR 
Output FIFO Read Pointer 
Read Only 
Read & Write 
CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 


1MIN 
Immediate 
Command 
In 
Read Only 
Read & Write 
IMONT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 
FIN 
FIFO IN 
Read Only 
Read Only 
CIN 
COMMAND 
IN 
Read Only 
Read Only 
FOUT 
FIFO OUT 
Read & Write 
Read & Write 
COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 
ITHR 
Input FIFO Threshold 
Read Only 
Read ~ Write 
OTHR 
Other FIFO Threshold 
Read Only 
Read & Write 
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The 8044 is a serial communication 
microcontroller 
known as the RUPI (Remote Universal Peripheral In- 
terface). It merges the popular 8051 8-bit microcontrol- 
ler with an intelligent, high performance HOLC/SOLC 
serial communication controller called the Serial Inter- 
face Unit (SID). The chip provides all features of the 
microcontroller 
and supports the Synchronous Oata 
Link Control (SOLC) communications protocol. 


l.bere are two methods of operation relating to frame 
SIze: 
1) Normal operation (limited frame size) 
2) Expanded operation (unlimited frame size) 


In Normal operation the internal 
192 byte RAM is 
used as the receive and transmit butTer. In this opera- 
tion, the chip supports data rates up to 2.4 Mbps exter- 
nally clocked and 375 Kbps self-clocked. For frame 
siz~ greater than 192 bytes, Expanded operation is re- 
qUIred. In Expanded operation the external RAM 
in 
conjunction with the internal RAM, is used as 'the 
transmit and receive butTer. In this operation, the chip 
supports data rates up to 500 Kbps externally clocked 
and 375 Kbps self-clocked. In both cases, the SIU han- 
dles many of the data link functions in hardware 
and 
the chip can be configured in either Auto or FI~xible 
mode. 


The discussion that follows describes the operation of 
the chip and the behavior of the serial interface unit. 
Both Normal and Expanded operations will be further 
explained with extra emphasis on Expanded operation 
and its supporting software. Two examples of SOLC 
communication systems will also be covered where the 
chip is used in Expanded operation. The di;cussion as- 
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sumes that the reader is familiar with the 8044 data 
sheet and the SOLC communications protocol. 


In Normal operation the on-chip CPU and the SIU 
operate in parallel. The SIU handles the serial commu- 
nication task while the CPU processes the contents of 
the on-chip transmit and receiver butTer, services inter- 
rupt routines, or performs the local real time processing 
tasks. 


The 192 bytes of on-chip RAM serves as the interface 
butTerbetween the CPU and the SIU, used by both as a 
receive and transmit butTer. Some of the internal RAM 
space is used as general purpose registers (e.g. RO-R7). 
The remaining bytes may be divided into at least two 
sections: one section for the transmit butTer and the 
~ther section for the receive butTer. In some applica- 
tions, the 192 byte internal RAM size imposes a limita- 
tion on the size of the information field of each frame 
and, consequently, achieves less than optimal informa- 
tion throughput. 


Figure 
1 illustrates the flow of data when internal 
RAM is used as the receive and transmit butTer. The 
on-chip CPU allocates a receive butTer in the internal 
RAM and enables the SIU. A receiving SOLC frame is 
processed by the SIU and the information bytes of the 
frame, if any, are stored in the internal RAM. Then, 
the SIU informs the CPU of the received bytes (Serial 
Channel interrupt). For transmission, the CPU loads 
the transmitting bytes into the internal RAM and en- 
ables the SIU. The SIU transmits the information bytes 
in SOLC format. 


inter 
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In Expanded operation the on-chip CPU monitors the 
state of the SIU, and moves data from/to external butT- 
er to/from the internal RAM and registers while recep- 
tion/transmission 
is taking place. If the CPU must 
service an interrupt during transmission or reception of 
a frame or transmit from internal RAM, the chip can 
shift to Normal operation. 
. 


There is a special function register called SIUST, the 
contents of which dictate the operation of the SIU. 
Also, at data rates lower than 2.4 Mbps, one section of 
the SIU, in fixed intervals during transmission and re- 
ception, is in the "standby" 
mode and performs no 
function. The above two characteristics make it possi- 
ble to program the CPU to move data to/from external 
RAM and to force the SIU to repeat or skip some de- 
sired hardware tasks while transmission or reception is 
taking place. With these modifications, external RAM 
can be utilized as a transmit and receive butTer instead 
of the internal RAM. 


Figure 2 graphically shows the flow of data when exter- 
nal RAM is used. For reception, the receiving bytes are 
loaded into the Receive Control Byte (RCB) register. 
Then, the data in RCB is moved to external RAM and 
the SIU is forced to load the next byte into the RCB 
register - The chip believes it is receiving a control byte 
continuously. For transmission, Information bytes (1- 
bytes) are loaded into a location in the internal RAM 
and the chip is forced to transmit the contents of this 
location repeatedly. 


Discussion of expanded operation is continued in sec- 
tions 4 and 5. First, however, sections 2 and 3 describe 


features"of the 8044 which are necessary to further ex- 
plain expanded operation. 


2.1 Hardware Description 


The Serial Interface Unit (SID) of the RUPI, shown in 
Figure 3, is divided functionally into a Bit Processor 
(BIP) and a Byte Processor (BYP), each sharing some 
common timing and control logic. The bit processor is 
the interface between the SIU bus and the serial port 
pins. It performs all functions necessary to transmit/re- 
ceive a byte of data to/from the serial data line (shift- 
ing, NRZI coding, zero insertion/deletion, 
etc.). The 
byte processor manipulates bytes of data to perform 
message formatting, transmitting, and receiving func- 
tions. For example, moving bytes from/to 
the special 
function registers to/from the bit processor. 


The byte processor is controlled by a Finite-State Ma- 
chine (FSM). For every receiving/transmitting 
byte, 


the byte processor executes one state. It then jumps to 
the next state or repeats the same state. These states 
will be explained in section 3. The status of the FSM is 
kept in an 8-bit register called SIUST (SIU State Coun- 
ter). This register is used to manipulate the behavior of 
the byte processor. 


As the name implies, the bit processor processes data 
one bit at a time. The speed of the bit processor is a 
function of the serial channel data rate. When one byte 
of data is processed by the bit processor, a byte bounda- 


• 


· 
., 
the serial data stream, a burst of clock cycles (16 CPU 
states) is generated for the byte processor to execute 
one state of the state machine. When all the procedures 
in the state are executed, a wait signal is asserted to 
terminate the burst, and the byte processor waits for 
the next byte boundary (standby mode). The lower the 
data rate, the longer the byte processor will stay in the 
standby mode. 


Incoming data is NRZI decoded by the on-chip decod- 
er. It is then passed through the zero insertion/deletion 
(ZID) circuitry. The ZID not only performs zero inser- 
tion/deletion, 
but also detects flags and Go Aheads 
(GA) in the data stream. The data bits are then loaded 
into the shift register (SR) which performs serial to par- 
allel conversion. When 8 bits of data are collected in the 
shift register, the bit processor triggers the byte proces- 
sor to process the byte, and it proceeds to load the next 
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also shifted, through SR, to a l6-bit register called 
"FCS GEN/CHK" 
for CRC checking. The byte proc- 
essor takes the received address and control bytes from 
the SR shift register and moves them to the appropriate 
registers. If the contents of the shift register is expected 
to be an information byte, the byte processor moves 
them through a 3-byte FIFO to the internal RAM at a 
starting location addressed by the contents of the Re- 
ceive Buffer Start (RBS) register. 


In the transmit mode, the byte processor relinquishes a 
byte to the bit processor by moving it to a register 
called RB (RAM buffer). The bit processor converts 
the data to serial form through the shift register, per- 
forms zero bit insertion, NRZI encoding, and sends the 
data to the serial port for transmission. Finally, the 
contents of the FCS GEN/CHK 
and the closing flag 
are routed to the serial port for transmission. 


inter 


3.0 TRANSMIT 
AND RECEIVE 
STATES 


The simplified receive and transmit state diagrams are 
shown in Figures 4 and 5, respectively. The numbers on 
the left of each state represent the contents of the 
SIUST register when the byte processor is in the stand- 
by mode, and the instructions on the right of each state 
represent the "state procedures" of that state. When the 
byte processor executes these procedures the least three 
significant bits of the SIUST register are being incre- 
mented while the other bits remain unchanged. The 
byte processor will jump from one state to another 
without going into the standby mode when a condition- 
al jump procedure executed by the byte processor is 
true. 


When an opening flag (7EH) is detected by the bit 
processor, the byte processor is triggered to execute the 
procedures of the FLAG state. In the FLAG state, the 
byte processor loads the contents of the RBS register 
into the Special RAM (SRAR) register. SRAR is the 
pointer to the internal RAM. The byte processor decre- 
ments the contents of the Receive Buffer Length (RBL) 
register and loads them into the DMA Count (DCNT) 
register. The FCS GEN/CHK 
circuit is turned on to 
monitor the serial data stream for Frame Check Se- 
quence functions as per SDLC specifications. 


Assuming there is an address field in the frame, con- 
tents of the SIUST register will then be changed to 
OSH, causing the byte processor to jump to the AD- 
DRESS state and wait (standby) for the next byte 
boundary. As soon as the bit processor moves the ad- 
dress byte into the SR shift register, a byte boundary is 
achieved and the byte processor is triggered to execute 
the procedures in the ADDRESS state. 


In the ADDRESS state the received station address is 
compared to the contents of the STAD register. If there 
is no match, or the address is not the broadcast address 
(FFH), reception will be aborted (SIUST = OIH). Oth- 
erwise, the byte processor jumps to the CONTROL 
state (SIUST = IOH) and goes into standby mode. 


The byte processor jumps to the CONTROL state if 
there exists a control field in the receiving frame. In 
this state the control byte is moved to the RCB register 
by the byte processor. Note that the only action taken 
in this state is that a received byte, processed by the bit 
processor, is moved to RCB. There is no other hard- 
ware task performed, and DCNT and SRAR are not 
affected in this state. 


The next two states, PUSH-I and PUSH-2, will be exe- 
cuted if Frame check sequence (NFCS = 0) option is 
selected. In these two states the first and second bytes 


of the information field are pushed into the 3-byte 
FIFO (FIFOO, FIFOI, 
FIF02) 
and the Receive Field 
Length register (RFL) is set to zero. The 3-byte FIFO 
is used as a pipeline to move received bytes into the 
internal RAM. The FIFO prevents transfer of CRC 
bytes and the closing flag to the receive buffer (i.e., 
when the ending flag is received, the contents of FIFO 
are FLAG, FCSI, and FCSO.) The three byte FIFO is 
collapsed to one byte in No FCS mode. 


In the DMA-LOOP state the byte processor pushes a 
byte from SR to FIFOO, moves the contents of FIF02 
to the internal RAM addressed by the contents of 
SRAR, increments the SRAR and RFL registers, and 
decrements the DCNT register. If more information 
bytes are expected, the byte processor repeats this state 
on the next byte boundaries until DMA Buffer End 
occurs. The DMA Buffer End occurs if SRAR reaches 
OBFH (192 decimal), DCNT reaches zero, or the RBP 
bit of the STS register is set. 


The BOV-LOOP state, the last state, is executed if 
there is a buffer overrun. Buffer overrun occurs when 
the number of information bytes received is larger than 
the length of the receive buffer (RFL > RBL). This 
state is executed until the closing flag is received. 


At the end of reception, if the FCS option is used, the 
closing flag and the FCS bytes will remain in the 3-byte 
FIFO. The contents of the RCB register are used to 
update the NSNR (Receive/Send Count) register. The 
SIU updates the STS register and sets the serial inter- 
rupt. 


Setting the RTS bit puts the SIU in the transmit mode. 
When the CTS pin goes active, the byte processor goes 
into START-XMIT state. In this state the opening flag 
is moved into the RAM Buffer (RB) register. The byte 
processor jumps to the next state and goes into the 
standby mode. 


If the Pre-Frame 
Sync (PFS) option is selected, the 
PFS I and PFS2 states will be executed to transmit the 
two Pre-Frame Sync bytes (OOHor 55H). In these two 
states the contents of the Pre-Frame Sync generator are 
sent to the serial port while the Zero Insertion Circuit 
(ZID) is turned off. ZID is turned back on automatical- 
ly on the next byte boundary. 


If the PFS option is not chosen, the byte processor 
jumps to the FLAG state. In this state, the byte proces- 
sor moves the contents of TBS into the SRAR register, 
decrements 
TBL and moves the contents 
into the 
DCNT register. The byte processor turns off the ZID 
and turns on FCS GEN/CHK. 
The contents of FCS 
GEN/CHK 
are not transmitted unless the NFCS bit is 


inter 


STATE 


HAG 


( 
BOV-LOOP 
) 


01-1) 
(RBS)....•SRAR 
01-2) 
(RBL)-I 
....•(DCNT) 
01-3) 
TURNON ,CS GEN/CHK 
010'4) It POINTTO POINTMOOE, 
GOTO10-2 


08-1) 
SR....•TMP 
08-2) 
(STAD)....•RB 
08-3) 
It RB.NLTMP AND 
FFH.NE.TMPTHEN IDLE 
08-4) 
It NB=1 GOTO10-2 


10-1) 
SR....•(RCB) 
10-2) 
It N,CS=1 GOTO20-3 


18-1) 
SR....•(FI,OO) 
18-2) 
PUSH 


20-l) 
SR....•(FI,OO) 
20-2) 
PUSH 
20-2) 
(R,L)-OOH 
20-4) 
It DMA BUFFEREND, 
GOTO28-7 
20-5) 
(RCB)....•RB 


28-1) 
It END0, 
I-FIELD, 
THEN IDLE 
28-2) 
(FI,02) ....•OSRAR 
28-3) 
SR....• (FI,OO) 
28-4) 
INC. SRAR 
28-5) 
PUSH 
28-6) 
DEC.(DCNT) 
28-7) 
INC. (R'L) 
28-8) 
It NOT DMA BUFFEREND, 
GOTO28-1 
28-9) 
RCB)....• RB 


30-1) 
SETBOV BIT (SRS.3) 
30-2) 
(RCB)....• RB 
30-3) 
I, NOT END0, 
I-FIELD, 
GOTO30-1 
30-4) 
IDLE 


set. If a frame with the address field is chosen, it moves 
the contents of the STAD register into the RB register 
for transmission. At the same time, the opening flag is 
being transmitted by the bit processor. 


In the ADDRESS (SIUST = AOH) and CONTROL 
(SIUST = A8H) states, TCB and the first information 
byte are loaded into the RB register for transmission, 
respectively. Note that in the CONTROL state, none of 
the registers (e.g. DCNT, SRAR) are incremented, and 
ZID and FCS GEN/CHK 
are not turned on or off. 


The procedures in the DMA-LOOP state are similar to 
the procedures of the DMA-LOOP in the receive state 
diagram. The SRAR register pointer to the internal 
RAM is incremented, and the DCNT register is decre- 
mented. The contents of DCNT reach zero when all the 
information bytes from the transmit buffer are trans- 
mitted. A byte from RAM is moved to the RB register 
for transmission. This state is executed on the following 


byte boundaries 
until all the information 
bytes are 
transmitted. 


The FCS 1 and the FCS2 states are executed to transmit 
the Frame Check Sequence bytes generated by the FCS 
generator, and the END-FLAG 
state is executed to 
transmit the closing flag. 


The 
XMIT-ACTION 
and 
the 
ABORT-ACTION 
states are executed by the byte processor to synchronize 
the SIU with the CPU clock. The XMIT-ACTION 
or 


the ABORT-ACTION 
state is repeated until the byte 


processor status is updated. At the end, the STS and the 
TMOD registers are updated. 


The two ABORT-SEQUENCE 
states (SIUST = EOH 
and SIUST = E8H) are executed only if transmission 
is aborted by the CPU (RTS or TBF bit of the STS 
register is cleared) or by the serial data link (CTS signal 
goes inactive or shut-off occurs in loop mode.) 
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SIUST 
STATE 
STATEPROCEDURE 


87H 
87-1) 
fLAG-RB 


88H 
88-1) 
If NO PfS (St.lD.2=0), 
GOTO98-1 
88-2) 
Xt.lITA PfS BYTE 
88-3) 
ZID Off 


90H 
90-1) 
Xt.lITA PfS BYTE 
90-2) 
ZID Off 


98H 
98-1) 
(TBS)-SRAR 
98-2) 
ZID Off 
98-3) 
(TBL)- 1- 
(DeNT) 
98-<4) TURNON fCS GEN!CHK 
98-5) 
If POINTTO POINTt.lODE. 
GOTOA8-1 
98-6) 
(STAD)- 
RB 


AOH 
ADDRESS 
AO-l) 
If NB=l 
GOTOA8-1 
AO-2) If AUTOt.lODE 
CTRL-RB 
AO-3) If fLEXIBLE t.lODE 
(TCB)-RB 


A8H 
A8- 1) If Dt.lA BUffER END, 
GOTOBO-3 
A8-2) 
@SRAR-RB 


BOH 
BO-l) 
INC. SRAR 
BO-2) DEC.DeNT 
BO-3) If Dt.lA BUffER END 
AND NfCS=I, 
GOTOCO-I 
BO-<4)OSRAR-RB 
BO-5) GOTOBO-l 


B8H 
B8-1) 
NO ACTION 


COH 
CO- 1) fLAG- 
RB 


C8H 
C8-1) 
ZID Off 


DOH 
DO-1) REPEATTHIS STATETILL SIU 
IS IN SYNC.WITHCPU. THEN 
IDLE. ZID Off 


EOH 
EO-1) NO ACTION 


E8H 
E8-1) 
ZID Off 


fOH 
fO-l) 
REPEATTHIS STATETILL SIU 
IS IN SYNC.WITHCPU, THEN 
IDLE. ZID Off 
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Figure 5. Transmit 
State Diagram 
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4.0 TRANSMISSION/RECEPTION 
OF 
LONG FRAMES 
(EXPANDED 
OPERATION) 


In this application note, a frame whose information 
field is more than 192 bytes (size of on-chip RAM) is 
referred to as a long frame. The 8044 can access up to 
64000 bytes of external RAM. Therefore, a long frame 
can have up to 64000 information bytes. 


During transmission or reception of a frame, while the 
bit processor is processing a byte, the byte processor, 
after 16 CPU states, is in the standby mode, and the 
internal registers and the internal bus are not used. The 
period between each byte boundary, 
when the byte 
processor is in the standby mode, can be used to move 
data from external RAM to one of the byte processor 
registers for transmission and vice versa for reception. 
The contents of the SIUST register, which dictate the 
state of the byte processor, can be monitored to recog- 
nize the beginning of each SDLC field and the consecu- 
tive byte boundaries. 


By writing into the SIUST register, the byte processor 
can be forced to repeat or skip a specific state. As an 
example, the SIU can be forced to repeatedly put the 
received bytes into the RCB register. This is accom- 
plished by writing E7H into the SIUST register when 
the byte processor goes into the standby mode. The 
byte processor, 
therefore, 
executes the CONTROL 
state at the next byte boundary. 


For transmission, the byte processor is put in the trans- 
mit mode. When transmission of a frame is initiated, 
the user program calls a subroutine in which the state 
of the byte processor is monitored by checking the con- 
tents of the SIUST register. When the byte processor 
reaches a desired state and goes into standby, the CPU 
loads the first byte of the internal RAM buffer with 
data and moves the byte processor to the CONTROL 
state. The routine is repeated for every byte. At the end, 
the program returns from the subroutine, and the SIU 
finishes its task (see application examples). 


For reception, a software routine is executed to move 
data to external RAM and to force the SIU to repeat 
the CONTROL state. The CONTROL state is repeated 
because, as shown in the receive state diagram, the only 
action taken by the byte processor, in the CONTROL 
state, is to move the contents ofSR to the RCB register. 
None of the registers (e.g. SRAR and DCNT) are in- 
cremented. A similar comment justifies the use of the 
CONTROL 
state for transmission. 
In the transmit 
CONTROL state, contents of a location in the on-chip 
RAM addressed by TBS is moved to RB for transmis- 
sion. 


To write into the SIUST register, the data must be com- 
plemented. For example, if you intend to write 18H 
into the SIUST register, you should write E7H to the 
register. The data read from SIUST is, however, true 
data (i.e. 18H). 


Read and write accesses to the SIUST, STAD, DCNT, 
RCB, RBL, RFL, TCB, TBL, TBS, and the 3-byte 
FIFO registers are done on even and odd phases, re- 
spectively. Therefore, there is no bus contention when 
the CPU is monitoring the registers (e.g. SIUST), and 
SIU is simultaneously writing into them. 


There is no need to change or reset the contents of any 
SIU 
register 
while 
transmitting 
or 
receiving 
long 
frames, unless the byte processor is forced to repeat a 
state in which the contents of these registers are modi- 
fied. Note that the SRAR register can not be accessed 
by the CPU; therefore, avoid repeating the DMA- 
LOOP states. If SRAR increments to 192, the SIU will 
be interrupted and communication will be aborted. 


The internal RAM, in conjunction with an external 
buffer (RAM or FIFOs), can be used as a transmit and 
receive buffer. In other words, Expanded and Normal 
operation can be used together. For example, if a frame 
with 300 Information bytes is received and only 255 of 
them are moved to an external buffer, the remaining 
bytes (45 bytes) will be loaded into the internal RAM 
by the SIU (assuming RBL is set to 45 or more). The 
contents of RFL indicate the number of bytes stored in 
the internal RAM. For transmission, the contents of 
the external buffer can be transmitted followed by the 
contents of the internal buffer. 


If the internal RAM is not used, contents of the RBL 
register can be 0 and contents of the TBL register must 
be set to I. The contents of the TBS register can be any 
location in the internal RAM. 


The transmission and reception procedures for long 
frames with no FCS are similar to those with FCS. The 
exception is the contents of the SIUST register should 
be compared with different values since the two FCS 
states of the transmit 
and receive flow charts 
are 
skipped by the byte processor. 


If a frame format with no control byte is chosen, a 
location in the RAM addressed by TBS should be used 
for transmission as with control byte format. The FIFO 
can be used for reception. The STAD register can be 
used for transmission if no zero insertion is required. 


"nter 


If the RUPI is used in Auto mode (see Section 5), it 
will still respond to RR, RNR, REJ, and Unnumbered 
Poll (UP) SDLC commands with RR or RNR auto- 
matically, without using any transmit routine. For ex- 
ample, if the on-chip CPU is busy performing some real 
time operations, the SIU can transmit an information 
frame from the internal buffer or transmit a supervisory 
frame without the help of CPU (Normal operation). 


Maximum data rate using this feature is limited primar- 
ily by the number of instructions needed to be executed 
during the standby mode. 


Transmission or reception of a frame can be timed out 
so that the CPU will not hang up in the transmit or 
receive procedures if a frame is aborted. Or, if the data 
rate allows enough time (standby time is long enough), 
the CPU can monitor the SIUST register for idle mode 
(SIUST = OlH). 


It is also possible to transmit multiple opening or clos- 
ing flags by forcing the byte processor to repeat the 
END-FLAG 
state. 


STATE: 
__ 
AD_D_R_ES_S_."X 


4.4 
Maximum Data Rate in Expanded 
Operation 


Assuming there is no zero-insertion/deletion, 
the bit 
processor requires eight serial clock periods to process 
one blOCkof data. The byte processor, running on the 
CPU clock, processes one byte of data in 16CPU states 
(one state of the state diagrams). Each CPU state is two 
oscillator 
periods. 
At 
an 
oscillator 
frequency 
of 
12 MHz, the CPU clock is 6 MHz, and 16 CPU states 
is 2.7 flos.At a 3 Mbit rate with no zero-insertion/dele- 
tion, there is exactly enough time to execute one state 
per byte (16 states at 6 MHz = 8 bits at 3M baud). In 
other words, the standby time is zero. 


Figure 6 demonstrates portions of the timing relation- 
ship between the byte processor and the bit processor. 
In each state, the actions taken by the processors, plus 
the contents of the SIUST register, are shown. When 
the byte processor is running, the contents of SIUST 
are unknown. However, when it is in the standby mode, 
its contents are determinable. 


The maximum data rate for transmitting and receiving 
long frames depends on the number of instructions 
needed to be executed during standby, and is propor- 
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P_US_H_-_1 
X 
PUSH-2 


CRTl 
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- 
SR 
X.•. 
l_st_I-_B_YT_E_-__ 
S_R 
oJX.•.__ 
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S_R__ X: 


BYP: 
::XSR-TMPX 
STANDBY 
X 
SR - 
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X 
SR - 
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292019-7 


STATE: 
F_LA_G 
__ 
X 
X.•. 
CO_N_T_R_Ol 
X... 
_ 


BIP: ::x 
XMITIING 
FLAG 
X 
XMITIING 
ADRS 
BYTE 
X 
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BYTE x: 


BYP: 
TCB - 
RB 
OSRAR 
- 
RB 


SIUST: 
? 
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? 
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? 
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tional to the oscillator frequency. The tiIl)e the byte 
processor is in the standby mode, waiting for the bit 
processor to deliver a processed byte, is at least equal to 
eight serial clock periods minus 16 CPU states. If an 
inserted zero is in the block of data, the bit processor 
will process the byte in nine serial clock periods. 


The equation for theoretical maximum data rate is giv- 
en as: 


(2TCLCL) 
x (16 states) + (# of instructioncycles) x 


(12TCLCL) 
= (STOCY) 
Equation(1) 


Where: TCLCL is the oscillator period. 
TOCY is the serial clock period. 


At an oscillator frequency of 12 MHz and baud rate of 
375 Kbps, about 18 instruction cycles can be executed 
when the byte processor is in the standby mode. At a 
9600 baud rate, there is time to execute about 830 in- 
struction cycles-plenty 
of time to service a long inter- 
rupt routine or perform bit-manipulation or arithmetic 
operations on the data while transmission or reception 
is taking place. 


The 8044 has two modes: Flexible mode and Auto 
mode. In Auto mode, the chip responds to many SOLC 
commands and keeps track of frame sequence number- 
ing automatically without on-chip CPU intervention. 
In Flexible mode, communication tasks are under con- 
trol of the on-chip CPU. 


For transmission, the CPU allocates space for transmit 
buffer by storing values for the starting location and 
size of the transmit buffer in the TBS and the TBL 
registers. It loads the buffer with data, sets the TBF and 
the RTS bits in the STS register, and proceeds to per- 
form other tasks. The SIU activates the RTS line. 
When the CTS signal goes active, the SIU transmits the 
frame. At the end of transmission, the SIU clears the 
RTS bit and interrupts the CPU (SI set). 


For reception, the CPU allocates space for receive buff- 
er by loading the beginning address and length of the 
receive buffer into the RBS and RBL registers, sets the 
RBE bit, and proceeds to perform other tasks. The 
SIU, upon detection of an opening flag, checks the next 
received byte. If it matches the station address, it will 
load the received control byte into RCB, and received 
information bytes into the receive buffer. At the end of 
reception, if the Frame Check Sequence (FCS) is cor- 
rect, the SIU clears RBE and interrupts the CPU. 


In the Auto mode, the 8044 can only be a secondary 
station 
operating 
in the SOLC 
"Normal 
Response 
Mode". The 8044 in Auto mode does not transmit mes- 
sages unless it is polled by the primary. 


For transmission of an information frame, the CPU al- 
locates space for the transmit buffer, loads the buffer 
with data, and sets the TBF bit. The sm will transmit 
the frame when it receives a valid poll-frame. A frame 
whose poll bit of the control byte is set, is a poll-frame. 
The poll bit causes the RTS bit to be set. If TBF were 
not set, the SIU would respond with Receive Not 
Ready (RNR) SOLC command if RBP = I, or with 
Receive Ready (RR) SOLC command if RBP = O. 
After transmission RTS is cleared, and the CPU is not 
interrupted. 


For reception, the procedure is the same as that of 
Flexible mode. In addition, the sm sets the RTS bit if 
the received frame is a poll-frame (causing an automat- 
ic response) and increments the NS and NR counts 
accordingly. 


Two application examples are given to provide .addi- 
tional details about the procedures used to transmit and 
receive long frames. In the first application example, 
procedures to construct receive and transmit software 
routines for the point-to-point 
frame format are de- 
scribed. The point-to-point frame has the information 
field and the FCS field enclosed between two flags (see 
Figure 7). In the second example software code is gen- 
erated for reception and transmission of the standard 
SOLC frame. The SOLC frame has the pattern: flag, 
address, control, information, FCS, flag. 


The first example focuses on the construction of trans- 
mit and receive code which allow the chip to transmit 
and receive long frames. The second example shows 
how to make more use of the 8044 features, such as the 
on-chip phase locked loop for clock recovery and auto- 
matic responses in the Auto mode to demonstrate the 
capability of the 8044 to achieve high throughput when 
Expanded operation is used. 


6.1 
Point-to-Point 
Application 
Example 


A point-to-point communication system was developed 
to receive and transmit long frames. The system con- 
sists of one primary and one secondary station. Al- 
though multiple secondary stations can be used in this 
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Figure 7. Polnt-to-Point 
and Standard 
SDLC 
Frame Formats 


system, one secondary is chosen to simplify the primary 
station's software and focus on the long frame software 
code. Both the primary and the secondary stations are 
in Flexible mode and the external clock option is used 
for the serial channel. 
The maximum 
data rate is 
500 Kbps. The FCS bytes are generated and checked 
automatically by both stations. 


The polling sequence, shown in Figure 8, takes place 
continuously between the primary and the secondary 
stations. The primary transmits a frame with one infor- 
mation byte to the secondary. The information byte is 
used by the secondary as an address byte. The second- 
ary 
checks the 
received byte, and 
if the 
address 
matches, the secondary responds with a long frame. In 
this example, the information field of the frame is cho- 
sen to be 255 bytes long. Since there is only one second- 
ary station, the address always matches. Upon success- 
ful reception of the long frame, the primary transmits 
another frame to the secondary station. 


The schematic of the secondary station is given in Fig- 
ure 9. The circuit of the primary station is identical to 
the secondary station with the exception of pin II 


F-I 
BYTE-FCS-F 


PRIMARY 
SECONDARY 


F-255 
I BYTES-FCS-F 


Figure 8. Secondary 
Responses 
to Primary 
Station 
Commands 


(DATA) being connected to pin 14 (TO). In the pri- 
mary station, the 8044 is interrupted when activity is 
detected on the communication line by the on-chip tim- 
er (in counter mode). This is explained more later. The 
serial clock to both stations is supplied by a pulse gen- 
erator. The output of the pulse generator (not shown in 
the diagram) is connected to pin 15 of the 8044s. Since • 
the two stations are located near each other (less than 4 
~ 
feet), line drivers are not used. 


The central processor of each station is the 8044. The 
data 
link program 
is stored 
in a 2Kx8 
EPROM 
(2732A), and a 2Kx8 static RAM (AM9128) is used as 
the external transmit and receive buffer. The RTS pin is 
connected to the CTS pin. For simplicity, the stations 
are assumed to be in the SDLC Normal Respond Mode 
after Hardware reset. 


The assembly code for the primary station software is 
listed in Appendix A. The primary software consists of 
the main routine, the SIU interrupt routine, and the 
receive interrupt routine. The receive interrupt routine 
is executed when a long frame is being received. 


In the flow charts that follow, all actions taken by the 
SIU appear in squares, and actions taken by the on-chip 
CPU appear in spheres. 
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First, the chip is initialized (see Figure 10). It is put in 
Flexible mode, externally clocked, and "Flag-Informa- 
tion Field-FCS-Flag" 
frame format. Pre-Frame Sync 
option (PFS = I) and automatic Frame Check Se- 
quence generation/detection 
(NFCS = 0) are selected. 
The on-chip transmit buffer starts at location 20H and 
the transmit buffer length is set to I. This one byte 
buffer contains the address of the secondary station. 
There is no on-chip receive buffer since the long frame 
being received is moved to the external buffer. The 
RTS, TBF, and RBE bits are set simultaneously. Set- 
ting the RTS and TBF bits causes the SIU to transmit 
the contents of the transmit buffer. 


Main Program 


Figure 10. Primary 
Station 
Flow Charts 


After transmission of the frame, the SIU interrupts the 
on-chip CPU (SI is set). In the SIU interrupt service 
routine, counter 0 is initialized and turned on (see Fig- 
ure II). The user program returns to perform other 


tasks. After reception of the long frame, the SIU inter- 
rupt routine is executed again. This time, RTS, TBF, 
and RBE are set for another round of information ex- 
change between the two stations. 


SIU never interrupts while reception or transmission is 
taking place. The SIU registers are updated and the SI 
is set (serial interrupt) after the closing flag has been 
received or transmitted. An SIU interrupt never occurs 
if the receive interrupt routine or the transmit subrou- 
tine is being executed. 


Setting the RBE bit of the STS register puts the RUPI 
in the receive mode. However, the jump to the receive 
interrupt routine occurs only when a frame appears on 
the serial port. Incoming frames can be detected using 
the Pre-Frame Sync. option and one of the CPU timers 
in counter mode. The counter external pin (TO) is con- 
nected to the data line (pin II is tied to pin 14). Setting 
the PFS (Pre-Frame Sync.) bit will guarantee 16 tran- 
sitions before the opening flag of a flame. 


SIU Interrupt 
Routine 


Figure 11. Primary Station 
Flow Charts 
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The counter registers are initialized such that the coun- 
ter interrupt occurs before the opening flag of a frame. 
When the PFS transitions appear on the data line, the 
counter overflows and interrupts the CPU. The CPU 
program jumps to the timer interrupt service routine 
and executes the receive routine. In the receive routine, 
the received frame is processed, and the information 
bytes are moved to the external RAM. Note that the 
maximum count rate of the 8051 counter is '/•• of the 
oscillator frequency. At 12 MHz, the data rate is limit- 
ed to 500 Kbps. 


Another method to detect a frame on the data line and 
cause an interrupt is to use an external "Flag-Detect" 
circuit to interrupt the CPU. The "Flag Detect" circuit 
can be an 8-bit shift register plus some TTL chips. If 
this option is used, the RUPI must operate in externally 
clocked mode because the clock is needed to shift the 
incoming data into the shift register. With this option, 
the maximum data rate is not limited by the maximum 
count rate of the 8051 counter. 


In Normal operation, the byte processor executes the 
procedures of the FLAG state, jumps to the CON- 
TROL state without going into the standby mode, and 
executes 10-2 procedure of the state (see Figure 4). It 
then jumps to the PUSH-I 
state and goes into the 
standby mode. At the following byte boundaries, the 
byte processor executes the PUSH-I, 
PUSH-2, and 
DMA-LOOP states, respectively. The receive interrupt 
routine as shown in the flow chart of Figure 12 and 
described below forces the byte processor to repeatedly 
execute the CONTROL state before the PUSH-I state 
is executed. The following is the step by step procedure 
to receive long frames: 
I) Turn off the CPU counter and save all the impor- 


tant registers. Jump to the receive interrupt routine, 
execution of the instructions to save registers, and 
initialization of the receive buffer pointer take place 
while the Pre-Frame Sync bytes and the opening 
flag are being received. This is about three data byte 
periods (48 CPU cycles at 500 Kbps). 


2) Monitor 
the SIUST register for standby 
in the 
PUSH-I state (SIUST = 18H). When the SIUST 
contents are 18H, the byte processor is waiting for 
the first information byte. The bit processor has al- 
ready recognized the flag and is processing the first 
information byte. 
3) In the standby mode, move the byte processor into 
the CONTROL state by writing "EFH" 
(comple- 
ment of IOH) into the SIUST register. When the 
next byte boundary occurs, the bit processor has 
processed and moved a byte of data into the SR 
register. The byte processor moves the contents of 
SR into the RCB register, jumps to the PUSH-I 
state (SIUST = 18H), and waits. 


4) Monitor 
the SIUST register for standby 
in the 
PUSH-I 
state. When the contents of SIUST be- 
comes 18H, the contents of RCB are the first infor- 
mation byte of the information field. 


5) While the byte processor is in the standby mode, 


move the contents of RCB to an external RAM or 
an I/O port. 


6) Check for the end of the information field. The end 
can be detected by knowing the number of bytes 
transmitted, or by having a unique character at the 
end of information field. The length of the informa- 
tion field can be loaded into the first byte(s) re- 
ceived. The receive routine can load this byte into 
the loop counter. 
7) If the byte received is not the last information byte, 


move the byte processor back to standby in the 
CONTROL state and repeat steps 4 through 6. Oth- 
erwise, return from the interrupt routine. 


Upon returning from the receive interrupt routine, the 
byte processor automatically 
executes the PUSH-I, 
PUSH-2, and DMA-LOOP before it stops. This causes 
the remaining information bytes (if any) to be stored in 
the internal RAM at the starting location specified by 
the contents of RBS register. At the end of the cycle, 
the closing flag and the CRC bytes are left in the FIFO. 
The RFL register will be incremented by the number of 
bytes stored in the internal RAM. Then, the STS and 
NSNR registers are updated, and an appropriate 
re- 
sponse is generated by the SIU. 


The software to perform the above task is given in Ta- 
ble 1. In this example, the number of instruction cycles 
executed during standby is 12 cycles. 
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R5,NEXTI ••••••••••••••••••••••••••• 
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The assembly code for the secondary station software is 
given in Appendix A. The secondary station contains 
the transmit subroutine which is called for transmission 
of long frames. 


As shown in the secondary station flow chart (Figure 
13), the external transmit 
buffer (external RAM) is 
loaded with the information data (FFH, FEH, FDH, 
... 
) at starting location 200H. The internal transmit 
buffer (on chip RAM) starts at location 20H (TBS = 
20H), and the transmit buffer length (TBL) is set to I. 
The on-chip CPU, in the transmit 
subroutine, moves 
the information bytes from the external RAM to this 
one byte buffer for transmission. The receive buffer 
starts at location IOH and the receiver buffer length is 
I. This buffer is used to buffer the frame transmitted by 
the primary. The received byte is used as an address 
byte. 


The Secondary is configured like the Primary station. It 
is put in Flexible mode, externally clocked, Point-to- 
point frame format. The PFSbit 
is set to transmit two 
bytes before the first flag of a frame. The RBE bit is set 
to put the chip in receive mode. Upon reception of a 
valid frame, the SIU loads the received information 
byte into the on-chip receive buffer and interrupts the 
CPU. 


In the serial interrupt routine, the RBE bit is checked 
(see Figure 14). Since RBE is clear, a frame has been 
received. The received Information byte is compared 
with the contents of the Station Address (STAD) regis- 
ter. 


• 


Main Program 


Figure 13. Secondary 
Station 
Flow Charts 


If they match, the secondary will call the transmit sub- 
routine to transmit the long frame. Upon returning 
from the transmit subroutine, the RBE bit is set, and 
program returns from the SIU interrupt. After trans- 
mission of the closing flag, SIU interrupt occurs again. 
In the interrupt routine, the RBE is checked. Since the 
RBE is set, the program returns from the SIU interrupt 
routine and waits until another long frame is received. 


If the secondary were in Auto mode, the chip must be 
ready to execute the transmit routine upon reception of 
a poll-frame; otherwise, the chip automatically trans- 
mits the contents of the internal transmit buffer if the 
TBF bit is set, or transmits a supervisory command 
(RR or RNR) if TBF is clear. 


In Normal operation the byte processor executes the 
START-TRANSMIT 
state and jumps to the PFSI 
state. While the bit processor is transmitting some un- 
wanted bits, the byte processor executes the PFS I state 
and jumps to the standby mode in the PFS2 state. 


SIU Interrupt 


Figure 14. Secondary 
Station 
Flow Charts 


While the bit processor is transmitting 
the first Pre- 


Frame Sync byte, the byte processor executes the PFS2 
state and jumps to the standby mode in the FLAG 
state. The FLAG state is executed when the bit proces- 
sor begins to transmit the second Pre-Frame Sync byte. 
When the flag is being transmitted, the byte processor 
executes the 98-1, 98-2, 98-3, and 98-4 procedures of 
the FLAG state, and jumps to execute the A8-1 proce- 
dure of the CONTROL state. When the opening flag is 
transmitted, the contents of RB are the first informa- 
tion byte. (See transmit State diagram.) 


In the transmit subroutine (see Figure 15), the byte 
processor is forced to repeat the CONTROL state be- 
fore the DMA-LOOP state. In the CONTROL state, 
the contents of a RAM location addressed by the TBS 
register are moved to the RB register. The following is 
the step by step procedure to transmit long frames: 
I) Put the chip in transmit mode by setting the RTS 
and TBF bits. 
2) Move an information byte from external RAM to a 


location in the internal RAM addressed by the con- 
tents of TBS. 


Transmit 
Subroutine 


Figure 15. Secondary 
Station 
Flow Charts 


the 
DMA-LOOP 
state 
(SIUST 
= 
BOH). 
When 
SIUST 
is BOH, the opening 
flag has been transmit- 
ted, and the frrst information 
byte is being transmit- 
ted by the bit processor. 


4) 
If there 
are more 
information 
bytes, 
move the byte 
processor 
back to the CONTROL 
state, 
and repeat 
steps 2 through 
4. Otherwise, 
continue. 


5) Move 
byte 
processor 
to the 
Standby 
mode 
in the 
CONTROL 
state (SIUST 
= A8H) 
and return 
from 
the subroutine. 


The byte processor 
automatically 
executes 
the remain- 
ing states 
to send 
the FCS bytes 
and the closing 
flag. 


After 
the completion 
of transmission, 
SIU updates 
the 
STS and NSNR 
registers 
and interrupts 
the CPU. 


If the contents 
of the TBL 
register 
were more 
than 
I, 
the SIU transmits 
(TBL) -I 
additional 
bytes from the 
internal 
RAM 
at starting 
address 
(TBS) + I because 
it 
executes 
the 
DMA-LOOP 
state 
(TBL)-I 
additional 
times. The byte processor 
should 
not be programmed 
to 
skip the DMA-LOOP 
state, because 
the transmission 
of 
FCS bytes is enabled 
in this state. 


The 
maximum 
baud 
rate 
that 
can be used 
with 
these 
codes is calculated 
by adding 
the number 
of instruction 
cycles 
executed, 
during 
the 
standby 
mode, 
between 
each byte boundaries 
(see Table 
2). 


Using Equation 
I, the maximum 
data rate, based on the 
transmit 
software, 
is 509 Kbps; 
However, 
the 
maxi- 
mum 
count 
rate of the counter 
limits 
the data 
rate to 
500 Kbps. 


MOV 
MOV 
SETB 
SETB 
MOVX 
MOV 
MOV 
CJNE 
INC 
MOVX 
MOV 
DJNZ 
MOV 
RET 
MOV 
MOV 
JMP 


DPTR. #200H 
R5. #OFFH 
TBF 
RTS 
A.@DPTR 
@R1.A 
A. #OBOH 
A.SIUST.WAIT1 
•••••••••••••••••••• 
2 
DPTR ••••••••••••••••••••••••••••• 
2 
A. @DPTR 
••••••••••••••••••••••••• 
2 
@R1.A 
••••••••••••••••••••••••••• 
1 
R5, NEXTI 
••••••••••••••••••••••••• 
2 
SIUST. 
#57H 


SIUST.#57H 
•••••••••••••••••••••• 
2 
A. # OBOH ••••••••••••••••••••••••• 
1 
WAIT1 •••••••••••••••••••••••••••• 
1 


Performance of long frame in addition to the features of 
the 8044 are described using a simple multidrop com- 
munication system in which three RUPIs, 
one as a 
master and the other two as secondary stations, trans- 
mit and receive long frames alternately (see Figure 16). 
All stations perform automatic zero bit insertion/dele- 
tion, 
NRZI 
decoding/encoding, 
Frame 
Check 
Se- 
quence (FCS) generation/detection, 
and on-chip clock 
recovery at a data rate of 375 Kbps. 


The primary and the secondary station's software code 
is given in Appendix B. These programs, for simplicity, 
assume only reception of information and supervisory 
frames. It is also assumed that the frames are received 
and transmitted in order. All stations use very similar 
transmit and receive routines. This code is written for 
standard SDLC frames (see Figure 7). 


The primary station, in Flexible mode, transmits a long 
frame (for this example, 255 I-bytes), polls one of the 


secondary stations, and acknowledges a previously re- 
ceived frame simultaneously (see Figure 17). Both sec- 
ondary stations, in Auto mode, detect the transmitted 
frame and check its address byte. One of the secondary 
stations receives the frame, stores the Information bytes 
in an external RAM buffer, and transmits the same 
data back to the primary. After reception of the frame, 
the primary polls and transmits a long frame to the 
other secondary station which will respond with the 
same long frame. 


The schematic of the secondary station hardware is 
shown in Figure 18. The primary station's hardware is 
similar to the secondary station's hardware. The excep- 
tion is in secondary stations only, where the RTS signal 
is inverted and tied to the interrupt 0 input pin (INTO). 
In the primary station, RTS is tied to CTS. At each 
station, software codes are stored in external EPROM 
(2732A). Static RAM (2Kx8) is used as external trans- 
mit/receive buffer. There is no hardware handshaking 
done between the stations. The serial clock is extracted 
from the data line using the on-chip phase locked loop. 


PRIMARY 
STATION 


SECONDARY 
SECONDARY 
STATION 
STATION 


292019-19 


Figure 17. Polling Sequence 
Between 
the Primary and Secondary 
Stations 
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~Rl 
~~~~HZ 
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AOO-7 
1 .,,~ 
8044 
AO-7 
At.l9128 
8282 
DO 
DO 
1 
19 
AO 
8 
9 
DO 
~ 
39 
AO 
AO 
00 
X2 
ADO 
010 
000 
Al 
7 
10 
01 
19 
38 
01 
01 
2 
18 
Al 
Al 
01 


r~:~K~ 


Xl 
AOI 
011 
001 
A2 
6 
11 
02 
37 
02 
02 
3 
17 
A2 
A2 
02 
A02 
012 
D02 
A3 
5 
13 
03 
9 
36 
03 
03 
4 
16 
A3 
A3 
03 
RST 
A03 
013 
003 
A4 
4 
14 
04 
.- 
35 
04 
04 
5 
15 
A4 
A4 
04 
- 
A04 
014 
004 
A5 
3 
15 
05 
N/C 
- 
CTS 
34 
05 
05 
6 
14 
A5 
A5 
05 
A05 
015 
D05 
A6 
2 
16 
06 
- 
33 
06 
06 
7 
13 
A6 
A6 
06 
RTS 
A06 
016 
D06 
A7 
I 
17 
07 
32 
07 
07 
8 
12 
A7 
A7 
07 
A07 
017 
007 
A8 
22 
9 
OE 
A8 


~ 
V'r 


A9 
23 


STB 
A9 
30 
Al0 
19 
12 - 
ALE 
Al0 
INTO 
16 
21 
WE 
-/. 
WR 
14 
17 
c 
20 
Ii5 
TO 
RD 
OE 
29 
r 
IT 
SCLK 
PSEN 
60 


I 
11 
A8 
DATA 
21 
A8 
22 
A9 
31 
A9 
Al0 
~ 


EA 
23 
2732A 
Al0 
SCLK 
DATA 
24 
All 
A08-11 
AO 
8 
9 
DO 
All 
AO 
00 
Al 
7 
10 
01 
Al 
01 
. 
A2 
6 
11 
02 
A2 
02 
A3 
5 
13 
03 
A3 
03 
A4 
4 
14 
04 
A4 
04 
A5 
3 
15 
05 
A5 
05 
A6 
2 
16 
06 
A6 
06 
A7 
I 
17 
07 
A7 
07 
A8 
22 
A8 
A9 
23 
A9 
Al0 
19 
Al0 
All 
21 
All 
20 
OE 
18 
IT 
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During initialization (see Figure 19), the 8044 is set to 
Flexible mode, internally clocked at 375 Kbps, and 
configured to handle standard SDLC frames. The on- 
chip receive and transmit buffer starting addresses and 
lengths are selected. The external transmit buffer is 
chosen from physical location 2DOHto location 2FFH 
(255 bytes). The external transmit 
buffer (external 
RAM) is loaded with data (FFH, FEH, FOH, FCH, 
... 
DOH).Timer 0 is put in counter mode and set to 
priority 1. The counter register (TLO) is loaded such 
that interrupt occurs after 8 transitions on the data line. 
The Pre-Frame Sync option (setting bit 2 of the SMD 
register) is selected to guarantee at least 16 transitions 
before the opening flag of a frame. 


Main Program 


Figure 19. Primary Station 
Flow Charts 


The station address register (STAD) is loaded with ad- 
dress of one of the secondary stations. The RTS, TBF, 
and RBE bits of the STS register are simultaneously set 
and a call to the transmit routine follows. The transmit 
routine transmits the contents of the external transmit 
buffer. At the end of transmission, RTS and TBF are 
cleared by the SID, and SID interrupt occurs. In Flex- 
ible mode, SID interrupt occurs after every transmis- 
sion or reception of a frame. 


In the SID interrupt service routine (see Figure 20), SI 
is cleared and the RBE bit is checked. If RBE is set, a 
long frame has been transmitted. The first time through 
the SID interrupt service routine, the RBE test indi- 
cates a long frame has been transmitted to one of the 
secondary stations. Therefore, the Counter is initialized 


SIU Interrupt 


Figure 20. Primary Station 
Flow Charts 


and turned on. The program returns from the interrupt 
routine before a frame appears on the communication 
channel. 


When a frame appears on the communication 
line, 
counter interrupt occurs and the receive routine is exe- 
cuted to move the incoming bytes into the external 
RAM. After reception of the frame and return from the 
receive routine, SIU interrupt occurs again. 


In the SIU interrupt routine, RBE is checked. Since the 
RBE bit is clear, a frame has been received. Therefore, 
the appropriate NS and NR counters are incremented 
and loaded into the TCB register (two pairs of internal 
RAM bytes keep track of NS and NR counts for the 
two secondary stations). Transmission of a frame to the 
next secondary station is enabled by setting the RTS 
and the TBF bits. The chip is also put in receive mode 
(RBE set), and a call to transmit routine is made. After 
transmission, SIU interrupt occurs again, and the pro- 
cess continues. 


Both secondary stations have identical software (Ap- 
pendix B). The only differences are the station address- 
es. Contents of the STAD register are 55H for one sta- 
tion and 44H for the other. 
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Figure 21. Secondary 
Station 
Flow Charts 


During initialization, the chip is set to Auto mode, 
standard 
SDLC 
frame, 
and 
internally 
clocked 
at 
375 Kbps (see Figure 21). Internal buffer registers: 
RBS, RBL, TBS, and TBL are initialized. The RBE bit 
is set and the counter 0 is turned on. 


The secondary is configured to transmit an Information 
frame every time it is polled. The RTS pin is inverted 
and tied to INTI pin. External interrupt 
1 is enabled 
and set to interrupt on low to high transition of the 
RTS signal. This will cau~e an interrupt (EXI set) after 
a frame is transmitted. In the interrupt routine the CTS 
pin is cleared to prevent any automatic response from 
the secondary. If the CTS pin were not disabled, the 
secondary station would respond with a supervisory 
frame (RNR) since the TBP is set to zero by the SIU 
due to the acknowledge. In the SIU interrupt routine, 
the CTS pin is cleared after the TBF bit is set. If this 
option is not used, the primary should acknowledge the 
previously received frame and poll for the next frame in 
two separate transmissions. 


When a frame is received, counter 0 interrupt occurs 
and the receive routine is executed (see Figure 22). If 
the incoming frame is addressed to the station, the in- 
formation bytes are stored in external RAM; Other- 
wise, the program returns from the receive routine to 
perform other tasks. At the end of the frame, SIU inter- 
rupt occurs. In Auto mode, SIU interrupt occurs when- 
ever an Information frame or a supervisory frame is 
received. Transmission will not cause an interrupt. In 
the SIU interrupt service routine, the AM bit of the 
STS is checked. 


If AM bit is set, the interrupt is due to a frame whose 
address did not match with the address of the station. 
In this case, NFCS, AM, and the BOV bits are cleared, 
the RBE bit is set, the counter 0 is initialized and 
turned on, and program returns from the interrupt rou- 
tine. 


If AM bit is not set, a valid frame has been received and 
stored in the external RAM. TBF bit is set, CTS pin is 
activated, counter 0 is disabled and a call to transmit 
routine is made which transmits the contents of exter- 
nal transmit buffer. This frame also acknowledges the 
reception of the previously received frame (NS and NR 
are automatically incremented). Upon return from the 
transmit routine RBE is set and counter 0 is turned on, 
thereby putting the chip in the receive mode for anoth- 
er round of data exchange with the primary. 


Note that, if the second station is in receive mode, and 
the counter is enabled and turned on, the CPU will be 
interrupted each time a frame is on the communication 
channel. If the frame is not addressed to the secondary 
station, the chip enters the receive routine, executes 
only a few lines of code (address comparison) and re- 
turns to perform other tasks. This interrupt 
will not 
occupy the CPU for more than two data byte periods 
(43 microseconds at 375 Kbps). At the end of the 
frame, the BOV bit is set by the SIU, and the SIU 
interrupt occurs. In the SIU interrupt service routine, 
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SIU Interrupt 


Figure 22. Secondary 
Station 
Flow Charts 


the RBE bit is set and the counter is turned on which 
put the chip back in the receive mode. 


Assembly code for the receive interrupt routine can be 
found in both primary and secondary software (Appen- 
dix B). The receive interrupt 
routine of the primary 
station is very similar to that of the primary station in 
example I. In the following two sections the receive and 
transmit 
routine 
of the secondary 
stations are dis- 
cussed. 


In the receive interrupt service routine (see Figure 23), 
counter 0 is turned off, important registers are saved, 
receive buffer starting address and receive buffer length 
of the external RAM are set (do not confuse the exter- 
nal RAM settings with that of the internal RAM buff- 
er.) 


After reception of an opening flag, the byte processor 
jumps to the ADDRESS state and waits until the bit 
processor processes and moves the receiving address 
byte to SR. Then, the byte processor is triggered to 
execute the state. In the secondary stations, the CPU 
monitors the SIUST register for the ADDRESS state 
(SIUST 
= 
OSH). When 
the 
ADDRESS 
state 
is 
reached, the byte processor is moved to the next state 
(CONTROL 
state), 
and 
the 
ADDRESS 
state 
is 
skipped. Therefore, when the address byte is moved to 
SR, the byte processor executes the CONTROL state 
rather than the ADDRESS state and then jumps to the 
PUSH-l state. The execution of the CONTROL state 
causes the contents of SR (the received address byte) to 
be loaded into the RCB register. 


The CPU checks the contents ofRCB with the contents 
of the STAD (Station Address) register. If they match, 
the receive routine continues to store the received In- 
formation bytes in the external RAM buffer; Other- 
wise, the byte processor is moved to the very last state 
(BOY-LOOP), and the program returns from the rou- 
tine to perform other tasks. The byte processor executes 
the BOY-LOOP state in each byte boundary until the 
closing flag of the frame is reached. It then sets the 
BOY bit and interrupts the CPU (serial interrupt SI 
set). In the serial interrupt 
routine the counter 0 is 
turned back on, and the station is reset back to the 
receive mode (RBE set). 


In Normal operation, in the ADDRESS state, the re- 
ceived address byte is automatically compared with the 
station address. If they match, the byte processor exe- 
cutes the remaining states; otherwise, the byte proces- 
sor goes into the idle mode (SIUST = OIH) and waits 
for the opening flag of the next frame. In the expanded 
operation, this state is skipped to avoid idle mode. If 
the byte processor went into the idle mode, clocks 
which run the byte processor would be turned off, and 
the byte processor can not be moved to any other states 
by the CPU. When the byte processor is in idle mode, 
counter 0 can not be turned on immediately because 
counter interrupt occurs on the same frame, and pro- 
gram returns to the receive routine and stays there. 


If the address byte matches the station address, the byte 
processor is moved to the CONTROL state again. This 
time, after execution of the CONTROL state the con- 
tents of RCB are the received control byte. 


CPU investigates the type of received frame by check- 
ing the received control byte. If the receiving frame is 
not an information frame (i.e. Supervisory frame), exe- 
cution of receive routine will be terminated to free the 
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CPU. In Auto mode, the SIU checks the control byte 
and responds automatically in response to the supervi- 
sory frame. 


After the control byte is received, it is saved in the 
stack. The byte processor is moved to the CONTROL 
state so that the next incoming byte will also be loaded 
into the RCB register. The byte processor remains in 
CONTROL state until a byte is processed by the bit 
processor and moved to SR. The byte processor is then 
triggered to move the contents of SR to the RCB regis- 
ter. The CPU monitors SIUST and waits until the first 
Information byte is loaded into the RCB register. 


When byte processor reaches the PUSH-l state (SIUST 
= ISH), RCB contains the first Information byte. The 
byte is moved to external RAM (receive buffer), and 
the byte processor is moved back to the CONTROL 
state. The process continues until all of the Information 
bytes are received. When all the Information bytes are 
received, the program returns from the routine. The 
byte processor automatically goes through the remain- 
ing states, updates the STS register, and interrupts the 
CPU as it would in Normal operation. 


The transmit subroutine codes can be found in the pri- 
mary and the secondary software (Appendix B). The 
transmit subroutines of the Primary and secondary sta- 
tions are identical. A call to transmit routine is made 
when the RTS and TBF bits of the STS register are set. 
In Auto mode, RTS is set automatically upon reception 
of a poll-frame (poll bit of the control byte is set). 


In the transmit routine (see Figure 15), the starting ad- 
dress and the transmit buffer length of the external 
buffer are set. Then the CPU monitors the SIUST regis- 
ter for CONTROL 
state (SIUST 
= ASH). In the 
CONTROL state the bit processor transmits the con- 
trol byte, while the byte processor goes into the standby 
mode after it has moved the contents of a location in 
the internal RAM addressed by the contents of Trans- 
mit Buffer Start (TBS) register to the RB register. 


While the control byte is being transmitted and the byte 
processor is in standby, the CPU moves an Information 


byte from external RAM to the internal RAM location 
addressed by TBS. The byte processor is then moved to 
CONTROL state. This will cause the byte processor, in 
the next byte boundary, to move the contents of the 
same location in the internal RAM to the RB register 
(see transmit state diagram.) 


When this byte is being transmitted, the byte processor 
jumps to the DMA-LOOP state (SIUST = BOH) and 
waits. When the DMA-LOOP 
state is reached (CPU 
monitors SIUST for BOH), the CPU loads the next In- 
formation byte into the same location in the internal 
RAM and moves the byte processor to the CONTROL 
state before it gets to execute the DMA-LOOP state. 
Note that the same location in the internal RAM is 
used to transmit the subsequent Information bytes. 


When all the Information 
bytes from the external 
RAM are transmitted, the byte processor is free to go 
through the remaining states so that it will transmit the 
FCS bytes and the closing flag. 


The RUPI, with addition of only a few bytes of code, 
can accept and transmit large frames with some com- 
promise in the maximum data rate. It can be used in 
Auto or Flexible mode, with external or internal clock- 
ing, automatic CRC checking, and zero bit insertionl 
deletion. In addition, almost all of the internal RAM is 
available to be used as general purpose registers, or in 
conjunction with the external RAM as transmit and 
receive buffers. 


All in all, this feature opens up new areas of applica- 
tions for this device. ·Besides transmitting/receiving 
long frames, it may now be possible to perform arith- 
metic operations or bit manipulation (e.g. data scram- 
bling) while transmission or reception is taking place, 
resulting in high throughput. Transmission of continu- 
ous flags and transmission with no zero insertion are 
also possible. 


In addition to unlimited frame size, an on-chip control- 
ler, automatic SDLC responses, full support of SDLC 
protocol, 192 bytes of internal RAM, and the highest 
data rate in self clocked mode compared to other chips 
make this product very attractive. 


inter 


APPENDIX 
A 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 
1 


$DEBUG 
NOMOD51 
$INCLUDE 
(REG44. 
PDF) 


ASSEKBLY 
CODE 
FOR 
PRIKARY 
STATION 
(POINT 
TO POINT) 
FLEXIBLE 
MODE; 
FCS 
OPTION 


ORG 
SJKP 
ORG 
JKP 
ORG 
SJKP 


OOM 
INIT 
OBH 
REC 
23M 
SUNT 


LOCATIONS 
00 
THRU 
26M 
ARE 
USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR 
ADDRESS 
FOR 
TIHERO 
INT. 


ORG 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SJMP 


EXT 
CLOCK; 
PFS-NB-l 
INT 
TRANSMIT 
BUFFER 
START 
INT 
TRANSMIT 
BUFFER 
LENGTH 
STATION 
ADDRESS 
COUNTER 
FUNCTION; 
MODE 
EA-ll 
81-1; 
ETO-l 
TRANSMIT 
A FRAME 
WAIT 
FOR AN INTERRUPT 


26M 
SKD,fOOOOOllOB 
TBS,f20M 
TBL, f01M 
20M,f55M 
TMOD,fOOOOOlllB 
IE,fl0010010B 
STS,flllOOOOOB 
DOT 


; 
sro 
TRANSMITS 
THE 
PFS 
BYTES, 
THE 
OPENHING 
FlAG, 
THE 
CONTENTS 
; 
OF 
LOCATION 
20M, 
THE 
CALCULATED 
FCS-BYTES, 
AND THE 
CLOSING 
; 
FLAG. 
AT THE 
END OF TRANSMISSION, 
SIU 
INTERRUPT 
OCCURS. 


SUNT: 
CLR 
SI 
JMB 
RBE,RECVED 
TRANSMITTED 
A FRAME ? 
MOV 
TLO,fOF8M 
YES, 
INITIALIZE 
COUNTER 
REGISTER 
MOV 
DPTR,f200M 
EXT 
RAM RECJ!:IVE 
BUFFER 
START 
MOV 
RS,fOFFH 
EXT 
RAM RECEIVE 
BUFFER 
LENGTH 
SETB 
THO 
TURN ON COUNTER 
0 
RETI 
; 
RETURN 
; 
WHEN A FRAME APPEARS 
ON THE 
SERIAL 
CHANNEL, 
COUNTER 
(RECEIVE) 
INTERRUPT 
OCCURS. 
AFTER 
SERVICING 
THE 
INTERRUPT 
ROUTINE, 
SIU 


; 
INTERRUPT 
OCCURS. 


REC: 
CLR 
THO 
DISABLE 
THE 
COUNTER 
0 
INTERRUPT 
MOV 
A,f18M 
; 
PUSM-l 
STATE 
WAIT1: 
CJME 
A, SroST, 
WAITl 
NEXTI: 
MOV 
SroST, 
fOEFH 
; 
MOVE BYP TO 
CONTROL 
STATE 
MOV 
A,f18M 
PUSM-l 
STATE 
WAIT2: 
CJME 
A,SIUST,WAIT2 
MOV 
A,RCB 
MOVE RECEIVED 
BYTE 
INTO 
ACC. 
MOVX 
@DPTR,A 
MOVE DATA TO EXT. 
RAM 
INC 
DPTR 
INCREMENT 
POINTER 
TO EXT 
RAM 
DJNZ 
R5,NEXTI 
LAST 
BYTE 
RECEIVED? 
RETI 
YES, 
RETURN 
END 


• 


inter 


$DEBUG NOKOD51 
$INCLUDE 
(REG44.PDF) 


ASSEllBLY 
CODE FOR SECONDARY STATION 
(POINT 
TO POINT) 
FLEXIBLE 
KODE I 
FCS 
OPTION 


ORG 
OOH 
SJlIP 
INIT 
ORG 
23H 
SJlIP 
SIINT 


ORG 
INIT: 
KOV 
KOV 
LORAK: 
KOV 
KOVX 
INC 
DJNZ 


26H 
DPTR, '200H 
R3,'OFFH 
A,R3 
@DPTR,A 
DPTR 
R3,LORAK 


EXT RAK XKIT 
BUFFER 
START 
EXT RAK lOUT 
BUFFER 
LENGHT 


LOAD EXT 
BUFFER 
WITH 
FFH,FEH, 
••• 
INCREKENT 
POINTER 


KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
KOV 
SJlIP 


SKD,'OOOOOllOB 
R1,flOH 
TBS,R1 
TBL,'OlH 
RBS,f20H 
RBL,'OlH 
STAD,'55H 
TCON,'OOH 
IE,fl0010000B 
IP,'OFFH 
STS,'OJ.OOOOOOB 
DOT 


I 
EXT 
CLOCKI 
PFS-NB-1 


INT 
RAK XKIT 
BUFFER 
START 
INT 
RAK XKIT 
BUFFER 
LENGTH 
INT 
RAK RECEIVE 
BUFFER 
START 
INT 
RAK RECEIVE 
BUFFER 
LENGTH 
STAD ADDRESS-55H 
RESET 
TCON REGISTER 
ENABLE 
SI 
INT. 
lEA-1 
ALL 
INTERRUPTS: 
PRIORITY 
1 
RBE-1, 
RECEIVE 
A FRAKI!. 
WAIT 
FOR AN INTERRUPT 


I 
SIU 
INTERRUPT 
OCCURS AT 
THE END OF A RECEIVED 
FRAKI! OR 
I 
A TRANSKITTED 
FRAKI!. 
7*•••• *********. 
SERIAL 
CHANNEL 
INTERRUPT 
ROU'l'INE.**••******* 


SIINT: 
CLR 
SI 
JB 
RBIl,RETRN 
KOV 
A,STAD 
CJNIl 
A,20H,NKACH 
ACALL TRAN 


RECEIVED 
A FRAKI!? 
YES 
STATION 
ADDRESS 
HATCHED? 
YES, 
CALL TRANSKIT 
SUBROUTINE 


TRANSKIT 
SUBROUTINIl 
IS 
CALLED TO TRANSKIT 
A LONG FRAKI!. 
APTER 
TRANSKISSION, 
SI 
IS 
SET. 
SIU 
INTERRRUPT 
IS 
SERVICED 
AFTER 
THE 
CURRENT ROUTINIl 
(SIINT) 
IS 
COKPLETIlD. 


;************** 
TRANSMIT 
SUBROUTINE 
.************************* 


TRAN: 
HOV 
DPTR,f200H 
EXT RAK RECEIVE 
BUFFER 
START 
MOV 
R5,'OFFH 
IlXT RAK RECEIVE 
BUFFER 
LENGTH 
SETB 
TBF 
SET 
TRANSKIT 
BUFFER 
FULL 
SETB 
RTS 
ENABLE XKISSION 
OF AN I-FRAKI! 
LOOP: 
KOVX 
A,'DPTR 
KOVE THE 
1ST 
I-BYTE 
INTO 
ACC. 
KOV 
@R1,A 
THEN, 
KOVE TO 
INT. 
RAK @ (TBS) 
KOV 
A,'OBOH 
DKA-LOOP 
STATE 
WAIT1: 
CJNIl 
A,SroST,WAIT1 
WAIT 
FOR XKISSION 
OF AN I-FRAME 
INC 
DPTR 
INCREKENT 
POINTER 
TO EXT. 
RAK 
DJNZ 
R5,NEXTI 
ALL 
BYTES 
XKITTED? 
MOVX 
A,@DPTR 
YES, 
EXCEPT 
THE 
LAST 
BYTE. 
KOV 
@R1,A 
HOVE DATA INTO 
INT. 
RAK • 
(TBS) 
MOV 
SroST,'57H 
KOVE BYP TO CONTROL STATE 
THE SIU 
TRANSKITS 
THE 
FCS-BYTES 
AND THE 
CLOSING 
FLAG. 
RET 
RETURN 
NIlXTI: 
MOV 
SroST,'57H 
MOVE BYP TO CONTROL STATE 
(A8H). 
JKP 
LOOP 
TRANSKIT 
THE NIlXT BYTE 
END 


inter 


APPENDIX 
B 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 2 


$DEBtIG 
NOMOD51 
$INCLtlDE 
(REG44.PDF) 


ASSEMBLY 
CODE FOR PRIMARY 
STATION 
(Mt1LTlPOINT) 
FLEXIBLE 
MODE; 
FCS 
OPTION 


ORG 
SJlIP 
ORG 
JMP 
ORG 
SJMP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


; 
LOCATIONS 
00 
THRtI 
26H 
ARE tISED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
1 VECTOR 
ADDRESS 
FOR TIMERO 
INT. 


1 VECTOR 
ADDRESS 
FOR SItI 
INT. 


ORG 
26H 
INIT: 
MOV 
DPTR,1200H 
EXT RAM XMIT 
BtIFFER 
START 
MOV 
R3,'OFFH 
EXT RAM XMIT 
BtIFFER 
LENGHT 
LORAM: 
MOV 
A,R3 
MOVX 
@DPTR,A 
1 LOAD BtlFFER 
WITH 
FFH, FER, 
••• 
00 
INC 
DPTR 
INCREMEHT 
POINTER 
DJNZ 
R3, LORAM 
1****····************* 
INITIALIZATION 
.********* ••• *********. 


MOV 
RO,'OBFH 
PUT 
ZEROS 
INTO 
INT. 
RAM 
LOOP: 
MOV 
A,'OOH 
FROM BFH TO 
40H. 
MOV 
@RO,A 
MOVE o 
INTO 
RAM ADDRESSD 
BY RO 
DEC 
RO 
CJNE 
RO,f40H,LOOP 


MOV 
30H,'OOH 
NS 
COUNTER FOR STAD-55 
MOV 
3lH,'OOH 
NR COt1NTER FOR STAD-55 
MOV 
32H,'OFFH 
NS 
COUNTER FOR STAD-44 
MOV 
33H, 'OFFH 
NR COUNTER FOR STAD-44 
MOV 
34H,'OlH 
PONlTER 
TO SECONDARY STATIONS 
MOV 
SIID,fl1010100B 
INT. 
CLKED @ 375K; 
NRZI-11 
PFS-1 
MOV 
RBS,flOH 
INT. 
RAM RECEIVE 
BtlFFER 
START-10H 
MOV 
RBL,'OOH 
INT. 
RAM RECEIVE 
BtIFFER 
LENGTH-O 
MOV 
R1,120H 
INT. 
RAM XMIT 
BtlFFER 
START-20H 
MOV 
TBS,R1 
MOV 
TBL,'OlH 
INT. 
RAM XMIT 
BtIFFER 
LENGTH-1 
MOV 
NSNR, 'OOH 
NS-NR-O 
MOV 
TII0D,'OOOOOlllB 
COUNTER FtlNCTION, 
MODE 3 
MOV 
TecN,'OOH 
MOV 
IE,flO010010B 
1 EA-1; 
SI-11 
ETO-1 
MOV 
IP,'OOOOOOlOB 
TIMER 
0 
INT. 
PRIORITY 
1 
MOV 
TCB,'OOOlOOOOB 
; 
I-FRAIIE 
W/POLL 
MOV 
STAD,'55H 
ADDRESS 
BYTE-55H 
MOV 
STS,'lllOOOOOB 
RBE-TBF-RTS-1 


inter 


CLR 
JB 
MOV 
JB 
MOV 
CJIIE 
MOV 
IKC 
AKL 
MOV 
MOV 
IKC 
AIlL 
MOV 
RL 
RL 
RL 
RL 
ORL 
RL 
ORL 
MOV 


SI 
RBE,RETORN 
A,ReB 
ACC.O,GETI 
A,'OlH 
A,34H,SXIP 
A,30H 
A 
A, ,000001l1B 
30H,A 
A,31H 
A 
A, 'OOOOOlllB 
3lH,A 
A 
A 
A 
A 
A,30H 
A 
A,'00010000B 
TeB/A. 


CLEAR 
SI 
RECEIVED 
A FRAME ? 
YES, 
LOAD ACC wrTH 
REC CNTRL BYTE 
IS 
ror 
All 
I-FRAME 
? 
YES 


MOVE KS 
llITO 
ACC. 
IKCREMEIIT 
KS 
MASK OUT THE LEAST 
3 
SIG. 
BITS 
SAVE KS 
I 
MOVE IIR llITO 
ACC. 
IKCREMEIIT 
IIR 
MASK OUT THE LEAST 
3 SIG. 
BITS 
SAVE 
IIR 
SHIFT 
4 
BITS 
TO LEFT 


MOVE KS COUllT TO ACC. 
SHIFT 
1 
BIT 
TO LEFT 
SET 
THE 
POLL 
BIT 
I 
MOVE CONTROL BYTE llITO 
TeB 
REG. 
TeB: 
NR2,MR1,NRO,1,lfS2,KS1,KSO,O 


MOVE KS llITO 
ACC. 
IKCREMEKT 
KS 
MASK OUT THE LEAST 
3 SIG. 
BITS 
SAVE KS 
1 MOVE IIR llITO 
ACC. 
IKCREMEKT 
IIR 
MASK OUT THE LEAST 
3 SIG. 
BITS 
SAVE IIR 
SHIFT 
4 
BITS 
TO LEFT 


I 
MOVE KS COt1llT TO ACC. 
SHIFT 
1 
BIT 
TO LEFT 
SET 
THE POLL BIT 
MOVE CONTROL BYTE llITO 
TeB 
TeB: 
NR2,KRl,NRO,1,NS2,HS1,KSO,O 
MOV 
STAD, f44H 
MOV 
34H, 
'OlH 
GETI: 
MOV 
STS,'11100000B 
ACALL TRAIl 
RETI 
RETURN': 
CLR 
EA 
MOV 
TLO,'OPBH 
SETB 
THO 
SETB 
EA 
RETI 


1************** 
RECBlVE 
INTERRUPT 
ROUTINE *************** 
••• * 


WAIT1: 


KEXTI: 


WArT2: 


STAD,'55H 
34H,'OOH 
GET! 
A,32H 
A 
A,'OOOOOl11B 
32H,A 
A,33H 
A 
A, ,000001l1B 
33H,A 
A 
A 
A 
A 
A,33H 
A 
A,'00010000B 
Tee,A 


ENABLE TRAIlSMrSSIOK 
CALL TRAIlSMIIl' 
ROUTINE 


DISABLE 
ALL INTERRUPTS 
rKTERRUPT 
APTER 
8 
COt1llTS 
TUllII 
OK COt1llTER 0 


TUllII 
OPP 
COUNTER 0 
I 
EXT. 
RAM RECEIVE 
BUFFER 
START 
EXT. 
RAM RECEIVE 
BUFFER 
LENGTH 
PUSH-l 
STATE 
WAIT 
POR THE CONTROL BYTE 
I 
SAVE RECEIVE 
CONTROL BYTE 
PUSH 
"BYP" 
llITO 
CONTROL STATE (10H) 
• 
I 
PUSH-l 
STATE 
WAIT FOR All 
I-BYTE 
MOVE RECEIVED 
I-BYTE 
llITO 
ACC. 
MOVE DATA TO EXT. 
RAM 
IKCREMENT 
PTR 
TO EXTERNAL RAM 
IS 
IT 
THE LAST 
I-BYTE? 
1 YES, 
RESTORE 
THE COKTEKTS 
OP RCB 
RETURN' 


CLR 
MOV 
MOV 
MOV 
CJIIE 
PUSH 
MOV 
MOV 
CJIIE 
MOV 
MOVX 
IKC 
DJKZ 
POP 
RETI 


THO 
DPTR,f400H 
RS,'OPFH 
A,fl8H 
A,SroST,WAITl 
RCB 
SIUST, 
'OEFH 
A,'18H 
A,SIUST,WAIT2 
A,Rea 
'DPTR,A 
DPTR 
R5,NEXTI 
RCB 


EXT. 
RAM TRAIlSMIT 
BUPPER 
START 
EXT. 
RAM TRAIlSMIT 
BUPFER 
LEKGTH 
CONTROL STATE 
WAIT 
FOR CTRL 
BYTE XMrSSIOK 
MOVE DATA PROM EXT. 
RAM TO ACC. 
MOVE DATA llITO 
INT. 
RAM • 
(TBS) 
IKCREMENT 
POINTER 
IS 
IT 
THE LAST 
I -BYTE 
? 
KO. 
XMIT THE LAST 
I -BYTE 
RETURN. 
KEEP 
"BYP" 
IK 
CONTROL STATE (A8H) • 
DIIA-LOOP 
STATE 
TRAIlSMrT 
THE NEXT BYTE 


MOV 
MOV 
MOV 
CJIIE 
MOVX 
MOV 
IKC 
DJKZ 
MOV 
RET 
MOV 
MOV 
JMP 


DPTR, #200H 
RS,'OPFH 
A,'OA8H 
A,SroST,WAIT 
A,'DPTR 
'Rl,A 
DPTR 
RS,KXTI 
SIUST,'57H 


SIUST,'57H 
A,'OBOH 
WArT 


inter 


$DEBUG NOMOD51 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE FOR SECONDARY STATIONS 
(MULTIPOINT) 
I 
AUTO MODEl 
FCS 
OPTION 


ORG 
OOH 
SJMP 
INIT 
ORG 
OBB 
VECTOR ADDRESS 
FOR TIMBRO 
INT. 
JMP 
REC 
ORG 
13H 
I 
VECTOR ADDRESS 
FOR EXT. 
INT. 
1 
JMP 
XINTl 
ORG 
23H 
I 
VECTOR ADDRESS 
FOR 
sro 
INTERRUPT 
JMP 
SIINT 


26H 
SMD"llOlOlOOB 
STAD,f55H 
INT. 
CLKED , 
375K;NRZI-1IPFS-l 
STATION 
ADDRESS; 
STAD.UH 
FOR TIlE 
, 
OTHER 
STATION 
INT. 
RAM RECEIVE 
BUFFER 
START 
I 
INT. 
RAM RECEIVE 
BUFFER 
LENGTH 


INT. 
RAM XMIT 
BUFFER 
START 
INT. 
RAM XMIT 
BUFFER 
LENGTH 
NS-NR-O 
EXT. 
INT.: 
EDGE TRIGGERED 


SI-ll 
ETO-ll 
EXO-l 
TIMER 
0: 
PRIORITY 
1 
COUNTER FUNCTION: 
MODE 3 
RECEIVE 
I-FRAME. 
1 SET 
COUNTER TO OVERFLOW 
AFTER 
8 
COUNTS 
SETB 
TRO 
1 TURN ON COUNTER 
SETB 
EA 
ENABLE ALL 
INTERRUPTS 
DOT: 
SJMP 
DOT 
1 WAIT 
FOR All 
INTERRUPT. 
1 CPO 
IS 
INTERRUPTED 
AT THE 
END OF RECEPTION 
(SI 
SET), 
AIlD AT. 
1 TIlE 
END OF 
LONG-FRAME 
TRANSMISSION 
(EXO 
SET). 
• 


RBS, flOH 
RBL, 'OOH 
Rl, 
'20H 
TBS,Rl 
TBL, 'OlH 
NSNR, 'OOH 
TCON"OOOOOlOOB 
IE"OOOlOllOB 
IP"OOOOOOlOB 
THOD,'OOOOOllB 
STS,'OlOOOOlOB 
TLO, ,OF8H 


JB 
TBF,GETI 
SETB 
TBF 
CLR 
Pl.7 
ACALL TRAM 
JB 
RBE, RETURN 
CLR 
EA 
SETB 
RBE 
MOV 
TLO, 'OF8H 
SETB 
TRO 
TURN ON COUNTER 0 
SETB 
EA 
ENABLE ALL 
INTERRUPTS 
RETURN: 
RETI 
; 
RETURN. 
, •• ** •••• 
****.*.*. 
TRANSMIT 
SUBROUTINE 
******.************* 
••• 


CLR 
JB 
CLR 
MOV 
MOV 
SETB 
SETB 
RETI 


SI 
AM,HOP 
EA 
STS,'OlOOOOlOB 
TLO,'OF8H 
TRO 
EA 


ADDRESS 
MATCHED? 
DISABLE 
ALL 
INTERRUPTS 
RBE-l, 
NB-l 


TURN ON COUNTER 0 
ENABLE ALL 
INTERRUPTS 
RETURN. 


A FRAME TRANSMITTED? 
ENABLE 
TRANSMISSION 
OF 
I-FRAME 
1 ENABLE 
CTS 
PIN 
CALL TRANSMIT 
ROUTINE 
A FRAME RECEIVED? 
1 DISABLE 
ALL 
INTERRUPTS 
PUT RUPI 
IN 
RECEIVE 
MODE 


EXT. 
RAM TRANSMIT 
BUFFER 
START 
1 EXT. 
RAM TRANSMIT 
BUFFER 
LENGTH 
CONTROL STATE 
WAIT 
FOR 
CONTROL BYTE TRANSMISSION 
MOVE DATA FROM EXT. 
RAM TO ACC. 
MOVE DATA INTO 
IMT. 
RAM AT 
'TBS 
1 INCREMENT 
POINTER 
IS 
IT 
TIlE 
LAST 
I-BYTE 
? 
XMIT 
TIlE 
LAST 
I-BYTE 
RETURN. 
1 KEEP 
"BYP" 
IN 
CONTROL STATE 
DMA-LOOP 
STATE 
TRANSMIT 
TIlE 
NEXT 
BYTE 


MOV 
MOV 
MOV 
CJNE 
MOVX 
MOV 
INC 
DJNZ 
MOV 
RET 
MOV 
MOV 
JMP 


DPTR,f200H 
R5,'OFFH 
A,'OA8H 
A,SroST,WAIT 
A,'DPTR 
'Rl,A 
DPTR 
R5,lfXTI 
SroST,'57H 


SIUST,f57H 
A,'OBOH 
WAIT 


• 


I 
WAIT3: 


WAIT4: 


CLR 
MOV 
MOV 
MOV 
CJJIll 
MOV 


TRO 
DPrR,f200B 
RS,tOFFB 
A,t08B 
A,SIUST,BOLD 
SIUST,tOEFB 


A,fl8B 
A,SIUST,WAIT1 
A,RCB 
A,STAD,WAIT2 
WAIT3 
RCB,t00010000B 
SIUST,'OCFB 


TURIl 
OFF 
COUIlTER 
0 
EXT. 
RAM RECEIVE 
BOFFER 
START 
EXT. 
RAM RECEIVE 
BUFFER 
LENGTH 
ADDRESS 
STATE 
WAIT 
FOR ADDRESS 
BYTE 
MOVE "BYp" 
INTO 
CONTROL 
STATE 
SKIP 
THE 
ADDRESS 
STATE 
PUSB-1 
STATE 
WAIT 
FOR THE 
ADDRESS 
BYTE 
MOVE THE 
RECEIVED 
ADDRESS 
BYTE 
TO Ace. 
ADDRESS 
MATCHED? 
YES. 
MOVE INFO. 
CONTROL 
BYTE TO RCB 
MOVE "BYp" 
INTO 
BOV-LOOp 
STATE 
RETURIl 


MOVE "BYp" 
INTO 
CONTROL STATE 
PUSH-1 
STATE 
I 
WAIT 
FOR 
THE 
CONTROL 
BYTE 
MOVE RECEIVE 
CONTROL 
BYTE 
INTO 
ACC. 
IF 
NOT AN I-l'RAMIl 
RETURIl 
SAVE 
RECEIVE 
CONTROL 
BYTE 
I 
PUSB 
"BYp" 
INTO 
CONTROL 
STATE (lOB) 
• 
PUSH-1 
STATE 
WAIT 
FOR AN I-BYTE 
MOVE RECEIVED 
I-BYTE 
INTO 
ACC. 
MOVE DATA TO EXT. 
RAM 
INCREIIEIlT 
PrR 
TO EXTERNAL 
RAM 
IS 
IT 
THE 
LAST 
I-BYTE? 
YES. 
RESTORE 
THE 
COIITENTS 
OF RCB 
RETURIl 


MOV 
CJJIll 
MOV 
CJJIll 
SJMP 
MOV 
MOV 
RETI 


MOV 
MOV 
CJJIll 
MOV 
JB 
PUSH 
MOV 
MOV 
CJJIll 
MOV 
MOVX 
INC 
DJNZ 
POP 
RETI 


sruST,tOEFB 
A,fl8B 
A,SruST,WAIT4 
A,RCB 
ACC.O,RTRN 
RCB 
SruST,'OEFH 
A,t18H 
A,SIUST,WAIT5 
A,RCB 
@DPTR,A 
DPrR 
R5,NEXTI 
RCB 
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From their introduction in 1982, the highly integrated 
16-bit 80186 and its 8-bit external bus version, the 
80188, have been ideal processor choices for high-per- 
formance, low-cost embedded control applications. The 
integrated 
peripheral 
functions 
and enhanced 
8086 
CPU of the 80186 and 80188 allow for an easy upgrade 
of older generation 
control 
applications 
to achieve 
higher performance while lowering the overall system 
cost through reduced board space, and a simplified pro- 
duction flow. 


More and more controller applications need even high- 
er performance in numerics, yet still require the low- 
cost and small form factor of the 80186 and 80188. The 
8087 Numerics Data Coprocessor satisfies this need as 
an optional add-on component. 


The 8087 Numeric Data Coprocessor is interfaced to 
the 80186 and 80188 through the 82188 IBC (Integrat- 
ed Bus Controller). The IBC provides a highly integrat- 
ed interface solution which replaces the 8288 used in 
8086-8087 systems. The IBC incorporates all the nec- 
essary bus control for the 8087 while also providing the 
necessary logic to support the interface between the 
80186/8 and the 8087. 


This application note discusses the design considera- 
tions associated with using the 8087 Numeric Data Co- 
processor with the 80186 and 80188. Sections two, 


three, and four contain an overview of the integrated 
circuits involved in the numerics configuration. Section 
five discusses 
the 
interfacing 
aspects 
between 
the 


80186/8 and the 8087, including the role of the 82188 
Integrated Bus Controller and the operation of the inte- 
grated peripherals on the 80186/8 with the 8087. Sec- 
tion six compares the advantages of using an 8087 Nu- 
meric Data Coprocessor over software routines written 
for the host processor as well as the advantage of using 
an 80186/8 numerics system over an 8086/8088 nu- 
merics system. 


Except where noted, all future references to the 80186 
will apply equally to the 80188. 


The 80186 and 80188 are highly integrated microproc- 
essors which effectively combine up to 20 of the most 
common system components onto a single chip. The 
80186 and 80188 processors are designed to provide 
both higher performance and a more highly integated 
solution to the total system. 


Higher integration results from integrating system pe- 
ripherals onto the microprocessor. The peripherals con- 
sist of a clock generator, 
an interrupt 
controller, 
a 
DMA controller, a counter/timer 
unit, a programma- 


ble wait state generator, programmable 
chip selects, 


and a bus controller. (See Figure 1.) 


inter 


Higher performance results from enhancements to both 
general and specific areas of the 8086 CPU, including 
faster effective address calculation, improvement in the 
execution speed of many instructions, and the inclusion 
of new instructions which are designed to produce opti- 
mum 80186 code. 


The 80186 and 80188 are completely object code com- 
patible with the 8086 and 8088. They have the same 
basic register set, memory organization, and addressing 
modes. The differences between the 80186 and 80188 
are the same as the differences between the 8086 and 
8088: the 80186 has a l6-bit architecture and l6-bit bus 
interface; the 80188 has a l6-bit internal architecture 
and an 8-bit data bus interface. The instruction execu- 
tion times of the two processors differ accordingly: for 
each non-immediate l6-bit data read/write instruction, 
4 additional clock cycles are required by the 80188. 


3.1 The Benefits of Numeric 
Coprocessing 


The 8086/8 and 80186/8 are general purpose micro- 
processors, designed for a very wide range of applica- 
tions. Typically, these applications need fast, efficient 
data movement and general purpose control instruc- 
tions. Arithmetic on data values tends to be simple in 
these applications. The 8086/8 and 80186/8 fulfill these 
needs in a low cost, effective manner. 


However, some applications require extremely fast and 
complex math functions which are not provided by a 
general purpose processor. Such functions as square 
root, sine, cosine, and logarithms are not directly avail- 
able in a general purpose processor. Software routines 
required to implement these functions tend to be slow 
and not very accurate. Integer data types and their 
arithmetic operations (i.e., add, subtract, multiply and 
divide) which are directly available on general purpose 
processors, still may not meet the needs for accuracy, 
speed and ease of use. 


Providing fast, accurate, complex math can be quite 
complicated, requiring large areas of silicon on inte- 
grated circuits. A general data processor does not pro- 
vide these features due to the extra cost burden that less 
complex general applications must take on. For such 
features, a special numeric data processor is required - 
one which is easy to use and has a high level of support 
in hardware and software. 


The 8087 is a numeric data coprocessor which is capa- 
ble of performing 
complex mathematical 
functions 
while the host processor (i.e. the main CPU) performs 


more general tasks. It supports the necessary data types 
and operations and allows use of all the current hard- 
ware and software support for the 8086/8 and 80186/8 
microprocessors. The fact that the 8087 is a coproces- 
sor means it is capable of operating in parallel with the 
host CPU, which greatly improves the processing pow- 
er of the system. 


The 8087 can increase the performance of floating- 
point calculations by 50 to 100 times, providing the 
performance and precision required for small business 
and graphics applications as well as scientific data pro- 
cessing. 


The 8087 numeric coprocessor adds 68 floating-point 
instructions and eight 80-bit floating-point registers to 
the basic 8086 programming architecture. All the nu- 
meric instructions and data types of the 8087 are used 
by the programmer in the same manner as the general 
data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 support the proposed IEEE Mi- 
croprocessor Floating Point Standard. All of the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. The IEEE 
standard makes it easier to use floating point and helps 
to avoid common problems that are inherent to floating 
point. 


3.3 
Escape Instructions 
• 


The coprocessing capabilities of the 8087 are achieved 
by monitoring the local bus of the host processor. Cer- 
tain instructions within the 8086 assembly language 
known as ESCAPE instructions are defined to be co- 
processor instructions and, as such, are treated differ- 
ently. 


The coprocessor monitors program execution of the 
host processor to detect the occurrence of an ESCAPE 
instruction. The fetching of instructions is monitored 
via the data bus and bus cycle status S2-SO, while the 
execution of instructions is monitored via the queue 
status lines QSOand QSl. 


All ESCAPE instructions start with the high-order 5- 
bits of the instruction opcode being 11011. They have 
two basic forms, the memory reference form and the 
non-memory reference form. The non-memory form, 
shown in Figure 2A, initiates some activity in the co- 
processor using the nine available bits of the ESCAPE 
instruction to indicate which function to perform. 


Memory reference forms of the ESCAPE instruction, 
.shown in Figure 2B, allow the host to point out a mem- 
ory operand to the coprocessor using any host memory 
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Figure 2A. Non-Memory 
Reference 
ESCAPE Instructions 
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addressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. 


Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the ES- 
CAPE opcode. These two bits are the MOD field of the 
8086/8 or 80186/8 effective address calculation byte. 
Together with the RIM 
field (bits 2 through 0), they 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 


3.4 
Host Response to Escape 
Instructions 


The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing (op- 
eration is internal to 8087) or calculate an effective ad- 
dress and read a word value beginning at that address 
(required for all LOADS and STORES). The host ig- 
nores the value of the word read and hence the cycle is 
referred to as a "Dummy Read Cycle." ESCAPE in- 
structions do not change any registers in the host other 
than advancing the IP. If there is no coprocessor or the 
coprocessor ignores the ESCAPE instruction, the ES- 
CAPE instruction is effectively a NOP to the host. Oth- 
er than calculating a memory address and reading a 
word of memory, the host makes no other assumptions 
regarding coprocessor activity. 


The memory reference ESCAPE instructions have two 
purposes: to identify a memory operand and, for certain 
instructions, to transfer a word from memory to the 
coprocessor. 


MOO 


10101 


3.5 Coprocessor 
Response to Escape 
Instructions 


The 8087 performs basically three types of functions 
when encountering an ESCAPE instruction: 
LOAD 
(read from memory), STORE (write to memory), and 
EXECUTE 
(perform one of the internal 8087 math 
functions). 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20- 
bit physical address it saved to address the remaining 
words of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus and perform successive writes 
incrementing the 20-bit address after each word until 
the entire numeric variable has been written. 


ESCAPE instructions intended to cause the execution 
of a coprocessor calculation do not require any bus ac- 
tivity. Numeric calculations work off of an internal reg- 
ister stack which has been initialized using a LOAD 
operation. The calculation takes place using one or two 
of the stack positions specified by the ESCAPE instruc- 
tion. The result of the operation is also placed in one of 
the stack positions specified by the ESCAPE instruc- 
tion. The result may then be returned to memory using 
a STORE instruction, thus allowing the host processor 
to access it. 


~OO 
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4.0 OVERVIEW 
OF THE 82188 
INTEGRATED 
BUS CONTROLLER 


The 82188 Integrated Bus Controller (lBC) is a highly 
integrated version of the 8288 Bus Controller. The IBC 
provides command and control timing signals for bus 
control and all of the necessary logic to interface the 
80186 to the 8087. 


The bus command and control signals consist of RD, 
WR, DEN, DTIR, and ALE. The timings and levels 
are driven following the latching of valid signals on the 
status lines SO-S2. When SO-S2 change state from pas- 
sive to active, the IBC begins cycling through a state 
machine which drives the corresponding control and 
command lines for the bus cycle. As with the 8288, an 
address enable input (AEN) is present to allow tri-stat- 


ing when other bus masters supply their own bus con- 
trol signals. 


The IBC also has the ability to convert bus arbitration 
protocols of RQ/GT to HOLD-HLDA. This allows the 
82586 Local Area Network (LAN) Coprocessor, the 
82730 Text Coprocessor, and other coprocessors using 
the HOLD-HLDA 
protocol to be interfaced to the 
8086/8 as well as allowing the 80186/8 to be interfaced 
to the 8087. In addition to converting arbitration proto- 
cols, the IBC makes it possible to arbitrate between two 
bus masters using HOLD-HLDA 
with a third using 
RQ/GT. 


In addition to all the bus control and arbitration fea- 
tures, the IBC provides logic to connect the queue 
status to the 8087, a chip-select for the 8087, and the 
necessary READY synchronization 
required between 
the 8087 and the 80186/8. 
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Figure 3. 80186/8-82188-8087 
Circuit Diagram 
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The 8087 tracks the instruction execution of the 80186 
by keeping an internal instruction queue which is iden- 
tical to the processor's instruction queue. Each time the 
processor performs an instruction fetch, the 8087 latch- 
es the instruction into its own queue in parallel with the 
processor. Each time the processor removes the first 
byte of an instruction from the queue, the 8087 removes 
the byte at the top of the 8087 queue and checks to see 
if the byte is an ESCAPE prefix. If it is, the 8087 de- 
codes the following bytes in parallel with the processor 
to determine which numeric instruction the bytes repre- 
sent. If the first byte of the instruction is not an ES- 
CAPE prefix, the 8087 discards it along with the subse- 
quent bytes of the non-numeric instruction as the 80186 
removes them from the queue for execution. 


The 8087 operates its internal instruction 
queue by 
monitoring the two queue status lines from the CPU. 
This status information is made available by the CPU 
by placing it into queue status mode. This requires 
strapping the RD pin on the 80186~round. 
When 
RD is tied to ground, ALE and WR become QSO 
(Queue Status #0) and QSl (Queue Status #1) respec- 
tively. 


.5TCLCL- TCHQSV(186 max) 
.5(125 ns) - 
35 


TCLCL - TcLQOv (82188 max) 
(125 ns) - 
50 


~ TQIVCL(82188 min) 
~ 
15 ns 


~ TQVCL 
~ 
10 ns 


TCLQOV(82188 min) 
5 
~ TCLQX(8087 min) 
~ 5 ns 


QS1 
QSO 
Queue Operation 
0 
0 
No queue operation 
0 
1 
First byte from queue 
1 
0 
Subsequent 
byte from queue 
1 
1 
Reserved 


Each time the 80186 begins decoding a new instruction, 
the queue status lines indicate "first byte of instruction 
taken from the queue". This signals the 8087 to check 
for an ESCAPE prefix. As the remaining bytes of the 
instruction 
are removed, the queue status indicates 
"subsequent byte removed from queue". The 8087 uses 
this status 
to either continue 
decoding 
subsequent 
bytes, if the first byte was an ESCAPE prefix, or to 
discard the subsequent bytes if the first byte was not an 
ESCAPE prefix. 


The QSO(ALE) and QS1(WR) pins of the 80186 are fed 
directly to the 82188 where they are latched and de- 
layed by one-half-clock. The delayed queue status from 
the 82188 is then presented directly to the 8087. 


The waveforms of the queue status signals are shown in 
Figure 4. The critical timings are the setup time into 
the 82188 from the 80186 and the setup and hold time 
into the 8087 from the 82188. The calculations for an 8 
MHz system are as follows: 


_____________ 
TClOOV 
TCLQOV 


82188 
QUEUE STATUS 
INTO 8087 
_ 


TQVCL 
TCLQX 
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When the 80186 is in Queue Status mode, another com- 
ponent must generate the ALE, RD, and WR signals. 
The 82188 provides these~ignals 
by monitoring the 
CPU bus cycle status (SO-S2). Also provided are DEN 
and DT;R which may be used for extra drive capability 
on the control bus. With the exception of ALE, all con- 
trol signals on the 82188 are almost identical to their 
corresponding 80186 control signals. This section dis- 
cusses the differences between the 80186 and the 82188 
control signals for the purpose of upgrading an 80186 
design to an 80186-8087 design. For original 80186- 
8087 designs, there is no need to compare control signal 
timings of the 82188 with the 80186. 


The ALE (Address Latch Enable) signal goes active 
one clock phase earlier on the 80186 than on the 82188. 
Timing of the ALE signal on the 82188 is closer to that 
of the 8086 and 8288 bus controller because the bus 
cycle status is used to generate the ALE pulse. ALE on 
the 80186 goes active before the bus cycle status lines 
are valid. 


The inactive edge of ALE occurs in the same clock 
phase for both the 80186 and the 82188. The setup and 
hold times of the 80186 address relative to the 82188 
ALE signal are shown in Figure 5 and are calculated 
for an 8 MHz system as follows: 


Setup Time 
For 80186 = TAVCH(186 rnin) + TCHLL (82188 min) 
=lO+O=lOns. 


NOTE: 
The hold time calculation is the same for both the 
80186 and 8087. 


These timings provide adequate setup and hold times 
for a 74LS373 address latch. 


1- 


ADDRESS 
'I'"" VALID 
I 
~ 
1:SETUP.....!-HOLD:r 
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For 8087 
= 0.5 (TCLCd - 
TCLAV(8087 max) + TCHLL (82188 min) 
= 0.5 (125) - 
55 + 0 = 7.5 


= 0.5 (TcLcd 
- 
TCHLL (82188 max) + TCLAZ(186 min) 
= 0.5 (125) - 
30 + 10 = 42.5 ns. 
• 


TCLRL ~ 
TCLML = TCVCTV = 10 to 70 ns 
TCLRH = TCLMH = 10 to 55 ns 
TCVCTX ~ 
5 to 55 ns 


The read and write signals of the 82188 have identical 
timings to those of the 80186 with one exception: the 
82188 WR inactive edge may not go inactive quite as 
early as the 80186. This spec is, in fact, a tighter spec 
than the 80186 WR timing and should make designs 
easier. The timings for RD and WR are shown in Fig- 
ure 6 for both the 80186 and the 82188. 


The DEN signal on the 82188 is identical to the DEN 
signal on the 80186 but with a tighter timing specifica- 
tion. This makes designs easier with the 82188 and 
makes upgrades from 80186 bus control to 82188 bus 
control more straightforward. The timings for DEN on 
both the 80186 and 82188 are shown in Figure 7. 


T CVCTV = 10 to 70 • clock 
edge to om active/inactive 
T CVDEX ~ 
10 to 70 • falling 
edge 
of T4 to ~ 
inactive 
T CHDNV = 10 to 55 • rising 
edge 
of clock 
to ern active 
TCHDNX = 10 to 55 • clock 
edge 
to om inactive 


The operation of the DT;R signal varies somewhat be- 
tween the 80186 and the 82188. The 80186 DT;R sig- 
nal will remain in an active high state for all write cy- 
cles and will default to a high state when the ~stem 
bus 
is idle (i.e., no bus activity). The 80186 DTIR goes low 
only for read cycles and does so only for the duration of 
the bus cycle. At the end of the read cycle, assuming 
the following cycle is a non-read, the DT;R signal will 
default back to a high state. Back-to-back read cycles 
will result in the DT;R signal remaining low until the 
end of the last read cycle. 


The DT;R signal on the 82188 operates differently by 
making transitions only at the start of a bus cycle. The 
82188 DT/R 
signal has no default state and therefore 
will remain in whichever state the previous bus cycle 
required. The 82188 DT;R 
signal will only change 
states when the current bus cycle requires a state differ- 
ent from the previous bus cycle. 
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Figure 8. Data Transmit 
& Receive 
Timings 


With high integration processors like the 80186 and 
80188, the chip-select decoder is integrated onto the 
processor 
chip. The integrated 
chip-selects 
on the 


80186 enable direct processor connection to the chip- 
enable pins on many memory devices, thus eliminating 
an external decoder. But because the integrated chip-se- 
lects decode the 80186's internal bus, an external bus 
master, such as the 8087, is unable to activate them. 
The 82188 IBC solves this problem by supplying a 
chip-select mechanism which may be activated by both 
the host processor and a second processor. 


80186 
DT/il 
(READ) 


Chip-select circuitry is typically accomplished by using 
a discrete decoder to decode two or more of the upper 
address lines. When a valid address appears on the ad- 
dress bus, the decoder generates a valid chip-select. 
With this method, any bus master capable of placing an 
address on the system bus is able to generate a chip-se- 
lect. An example of this is shown in Figure 9 where an 
8086/8087 system uses a common decoder on the ad- 
dress bus. Note the decoder is able to operate regardless 
of which processor is in control of the bus. 


The CSI (chip select in) and CSO (chip select out) pins 
of the 82188 provide a way for a second bus master to 
select memory while also making use of the 80186 inte- 
grated chip-selects. The CSI pin of the 82188 connects 
directly to one of the 80186's chip-selects while CSO 
connects to the memory device designated for the chip- 
selects range. An example of this is shown in Figure 10. 
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When the 80186 has control of the bus, the circuit acts 
just as a buffer and the memory device gets selected as 
if the circuit had not been there. Whenever CSI goes 
active, CSO goes active. When a second bus master, 
such as the 8087, takes control of the bus, CSO goes 
active and remains active until the 8087 passes control 
back to the processor. At this time CSO is deactivated. 


A functional block diagram of the CSI-CSO circuit is 
shown in Figure 11. A grant pulse on the RQ/GTO line 
gives 
control 
to 
the 
8087 
and 
also 
causes 
the 
8087CONTROL 
signal to go active, which in turn 
causes CSO to go active. The 8087CONTROL signal 
~ 
J!!.active when either a release is received on 
RQ/GTO, indicating that the 8087 is relinquishing con- 
trol to the main processor, or a grant is received on the 
RQ/GTl 
line, indicating that the 8087 is relinquishing 
control to a third processor. Both actions signify that 
the 8087 is relinquishing the bus. If CSO goes inactive 
because a third processor took control of the bus, then 
CSO will go active again for the 8087 when a release 
pulse is transmitted on the RQ/GTl 
line to the 8087. 
This release pulse occurs as a result of SYSHLDA go- 
ing inactive from the third processor. 


To provide the 8087 access to data in low memory 
through an integrated chip-select, the LCS pin should 
be disconnected from the bank that it is currently se- 
lecting and fed directly into the 82188 CSI. The CSI 
~ut 
should be connected ~he 
banks which the 
LCS formerly selected. The LCS will still select the 
same banks because CSO goes active whenever CSI 
goes active. But now the 8087, when taking control of 
the bus, may also select these banks. 


Care must be taken in locating the 8087 data area be- 
cause it must reside in the area in which the chip-select 
is defined. If the 808~nerates 
an address outside of 
the LCS range, the CSO will still go active, but the 
address will erroneously select a part of the lower bank. 
Note also that this chip-select limits the size of the 8087 
data area to the maximum size memory which can be 
selected with one chip-select. However, this does not 
place a limit on instruction code size or non-8087 data 
size. All 80186 and 8087 instructions are fetched by the 
processor and therefore do not require that the 8087 be 
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able to address them. Likewise, non-8087 data is never 
accessed by the 8087 and therefore does not require an 
8087 chip-select. 


The 8087 must accurately track every instruction fetch 
the 80186 performs so that each op-code may be read 
from the system bus by the 8087 in parallel with the 
processor. This means that for instruction code areas, 
the 80186 cannot use internally generated wait states. 
All ready logic for these areas must be generated exter- 
nally and sent into the 82188. The 82188 then presents 
a synchronous 
ready out (SRO) signal to both the 
80186 and the 8087. 


5.5.1 INTERNAL 
WAIT 
STATES 
WITH 
INSTRUCTION 
FETCHES 


If internal wait states are used by the processor with the 
8087 at zero wait states, then the 8087 will latch op- 
codes using a four clock bus cycle while the processor is 
using between five and seven clocks on each bus cycle. 
If the wait states are truly necessary to latch valid data 
from memory, then a four clock bus cycle will force the 
8087 to latch invalid data. The invalid data may then be 
possibly interpreted to be an ESCAPE prefix when, in 
reality, it is not. The reverse may also hold true in that 
the 8087 may not recognize an ESCAPE prefix when it 
is fetched. These conditions could cause a system to 
hang (i.e., cease to operate), or operate with erroneous 
results. 


If the memory is fast enough to allow latching of valid 
data within a four clock bus cycle, then the 80186 inter- 
nal wait states will not cause the system to hang. Both 
processors will receive valid data during their respec- 
tive bus cycles. The 8087 will finish its bus cycle earlier 
than the processor, but this is of no consequence to 
system operation. The 8087 will synchronize with the 
processor using the status lines SO-S2 at the start of the 
next instruction fetch. 


5.5.2 INTERNAL 
WAIT 
STATES 
WITH 
DATA 
& 
110 CYCLES 


With the exception of "Dummy Read Cycles" and in- 
struction fetches, all memory and I/O bus cycles exe- 
cuted by the host processor are ignored by the 8087. 
Coprocessor synchronization 
is not required for un- 


tracked bus cycles and, therefore, internally generated 
wait states do not affect system operation. All of the 
I/O space and any part of memory used strictly for 
data may use the internal wait state generator on the 
80186. 


Memory used for 8087 data is somewhat different. 
Here, as in the case of code segment areas, the system 
must rely on an external ready signal or else the memo- 
ry must be fast enough to support zero wait state opera- 
tion. Without an external ready signal, the 8087 will 
always perform a four clock bus cycle which, when 
used with slow memories, results in the latching of in- 
valid data. 


Internal wait states will not affect system operation for 
data cycles performed by the 8087. In this case the 8087 
has control of the bus and the two processors operate 
independently. 


One type of data cycle has not yet been considered. 
Each time a numerics variable is accessed, the host 
processor runs a "Dummy 
Read Cycle" in order to 
calculate the operand address for the 8087. The 8087 
latches the address and then takes control of the bus to 
fetch any subsequent bytes which are necessary. If the 
8087 variables are located at even addresses, then an 
internally generated wait state will not present any 
problems to the system. If any numeric variables are 
located at odd addresses, then the interface between the 
host and coprocessor becomes asynchronous 
causing 
erroneous results. 


The erroneous results are due to the 80186 running two 
back-to-back bus cycles with wait states while the 8087 
runs two back-to-back bus cycles without wait states. 
The start of the second bus cycle is completely uncoor- 
dinated between the two processors and the 8087 is un- 
able to latch the correct address for subsequent trans- 
fers. For this reason, 8087 variables in a 80186 system 
must always lie on even boundaries when using the in- 
ternal wait state generator to access them. 


Numeric variables in an 80188 system must never be in 
a section of memory which uses the internal wait state 
generator. The 80188 will always perform consecutive 
bus cycles which would be equivalent to the 80186 per- 
forming an odd addressed "Du=y 
Read Cycle." 


The 80186 automatically inserts three wait states to the 
predefined upper memory chip select range upon power 
up and reset. This enables designers to use slow memo- 
ries for system boot ROM if so desired. If slow ROM's 
are chosen, then no further progra=ing 
is necessary. 


If fast ROM's are chosen, then the wait state logic may 
simply be reprogra=ed 
to the appropriate number of 
wait states. 


The automatic wait states have the possibility of pre- 
senting the same problem as described in section 5.5.1 if 


the boot ROM needs one or more wait states. Under 
these conditions the 8087 would be forced to latch in- 
valid opcodes and possibly mistake one for an ESCAPE 
instruction. 


If the boot ROM requires wait states, then some sort of 
external ready logic is necessary. This allows both proc- 
essors to run with the same number of wait states and 
insures that they always receive valid data. 


If the boot ROM does not require wait states, then 
there is no need to design external ready logic for the 
upper chip select region. But if 8087 code is present in 
the upper memory chip select region, the situation de- 
scribed in section 3.4 regarding "Dummy Read Cycles" 
must be considered. 


The 82188 solves this problem by inserting three wait 
states on the SRO line to the 8087 for the first 256 bus 
cycles. By doing this the 82188 inserts the same number 
of wait states to both processors keeping them synchro- 
nized. The initialization code for the 80186 must pro- 
gram the upper memory chip select to look at external 
ready and to insert zero wait states within these first 
256 bus cycles. At the end of the 256 bus cycles, the 
82188 stops inserting wait states and both processors 
run at zero wait states. 


The 80186 and 8087 sample READY on different clock 
edges. This implies that some sort of external synchro- 
nization is required to insure that both processors sam- 
ple the same ready state. Without the synchronization, 
it would be possible for the external signal to change 
state between samples. The 80186 may sample ready 
high while the 8087 samples ready low. This would lead 
to the two processors running different length bus cy- 
cles and possibly cause the system to hang. 


The 82188 provides ready synchronization through the 
ARDY and SRDY inputs. Once a valid transition is 
recorded, the 82188 presents the results on the SRO 
output and holds the output in that state until both 
processors have had a chance to sample the signal. 


In order for the 8087 to read and write numeric data to 
and from memory, it must have a means of taking con- 
trol of the local bus. With the 8086/88 this is accom- 
plished through a request-grant exchange protocol. The 
80186, however, makes use of HOLD/HOLD 
AC- 


KNOWLEDGE 
protocol to exchange control of the 
bus with another processor. The 82188 supplies the 
necessary conversion to interface RQ/GT 
to HOLD/ 
HLDA signals. The RQ/GT3nal 
of the 8087 con- 
nects directly to the 82188's RQ/GTO input while the 
82188's HOLD and HLDA pins connect to the 80186's 
HOLD and HLDA pins. 


When the 8087 requires control of the bus, the 8087 
sends a request on the RQ/GTO line to the 82188. The 
82188 responds by sending a HOLD request to the 
80186. When HLDA is received back from the 80186, 
the 82188 sends a grant back to the 8087 on the same 
RQ/GTO line. 


The 82188 also has provisions for adding a third bus- 
master to the system which uses HOLD/HLDA 
pro- 
tocol. 
This 
is 
accomplished 
by ~inL 
the 
82188 
SYSHOLD, 
SYSHLDA, 
and 
RQ/GTI 
signals. 


The third processor requests the bus by pulling the 
SYSHOLD line high. The 82188 will route (and trans- 
late if necessary) the requests to the current bus master. 
If the 8087 has control, the 82188 will request control 
via the RQ/GTI 
line which should be connected to the 
8087's RQ/GTI 
line. 


The 8087 will relinquish control by~tt~ 
off the bus 
and sending a grant pulse on the RQ/GTI 
line. The 
82188 responds by sending a SYSHLDA to the third 
processor. The third processor lowers SYSHOLD when 
it has finished on the bus. The 82188 routes this in the 
form of a release pulse on the RQ/GTI 
line to the 
8087. The 8087 then continues bus activity where it left 
off. 
The 
maximum 
latency 
from 
SYSHOLD 
to 
SYSHLDA is equal to the 80186 latency + 8087 laten- 
cy + 82188 latency. 


One of the most important timing specs associated with 
the 80186-8087 interface is the speed at which the sys- 
tem should run. The 8087 was designed to operate with 
a 33% duty cycle clock whereas the 80186 and 80188 
were designed to operate with a 50% duty cycle clock. 
In order to run both parts off the same clock, the 8087 
must run at a slower speed than is typically implied by 
its dash number in the 8086/88 family. 


To determine the speed at which an 8087 may run 
(with a 50% duty cycle clock), the minimum low and 
high times of the 8087 must be examined. The maxi- 
mum of these two minimum specs becomes the half-pe- 
riod of the 50% duty cycle system clock. For example, 
the 8087-1 provides worst case spec compatibility with 
the 80186 at system clock-speeds of up to 8 MHz. The 
clock waveforms are shown in Figure 12 using 10 MHz 
timings. 


The minimum clock low time spec (TCLCW of the 10 
MHz 8087 is 53 ns. The clock low time of an 8 MHz 
80186 is specified to be: 


Solving for TCLCL of the 80186 using TCLCH of the 
8087 yields the following: 


The calculation 
shows minimum cycle time of the 
80186 to be 121 ns. This time translates into a maxi- 
mum frequency of 8.26 MHz. 


The following benchmarks compare the overall system 
performance of an 8086, 80188, and an 80186 in nu- 
meric applications. Results are shown for all three 
processors in systems with the 8087 coprocessor and 
in systems using an 8087 software emulator. Three 
FORTRAN 
benchmark 
programs are used to dem- 


10lAHz 
8087 
SPECS 
33% DUlY 
CYCLE 
CLOCK 


TClCH 
lAIN. LOW TllAE 
8lAHz 
80186 
SPECS 
50% DUlY 
CYCLE 
CLOCK 


onstrate the large increase in floating-point math per- 
formance provided by the 8087 and also the increase in 
performance due to the enhanced 80186 and 80188 host 
processors. 


The 8086 results were measured on an Intellec@ Series 
III Microcomputer 
Development 
System 
with 
an 
iSBC@ 86/12 board and an iSBC 337 multimodule. 
Typically, one wait state for memory read cycles and 
two wait states for memory write cycles are experienced 
in this environment. 


The 80186 and 80188 results were measured on a proto- 
type board which allowed zero wait state operation at 
8 MHz. The benchmarks 
measured using the 8087 
showed little sensitivity to wait states. Instructions exe- 
cuted on the 8087 tend to be long in comparison to the 
amount of bus activity required and, therefore, are not 
affected much by wait states. 


The benchmarks measured using the software emulator 
are much more bus intensive and average from 10 to 15 
percent performance degradation for one wait state. 


All execution times shown here represent 8 MHz oper- 
ation. The 8086 results were measured at 5 MHz and 
extrapolated to achieve 8 MHz execution times. 


6.2 
Interest Rate Calculations 


Routines were written in FORTRAN-86 
to calculate. 
the final value of a fund given the annual interest and 
the present value. It is assumed that the interest will be 
compounded daily, which requires the calculation of 
the yearly effective rate. This value, which is the equiv- 
alent annual interest if the interest were compounded 
daily, is determined by the following formula: 


where: 
yer is the yearly effective rate 
ir is the annual interest rate 
np is the number of compounding periods per 
annum 
Once the yer is determined, the fmal value of the fund 
is determined by the formula: 
tv = (1 +yer)' 
pv 


where: 
pv is the present value 
fv is the future value 
Results are obtained using single-precision, double-pre- 
cision, and temporary real precision operands when: 
ir is set to 10% (0.1) 
np is set to 365 (for daily compounding) 
pv is set to $2,000,000 


yer 
Final Value 


Single-Precision 
10.514% 
$2,210,287.50 
(32-bit) 


Double-Precision 
10.516% 
$2,210,311.57 
(64-bit) 


Temporary 
Real 
10.516% 
$2,210,311.57 
Precision 


The difference between the fmal single-precision and 
double-precision values is $24.07; the difference in the 
final value between the double-precision and the tempo- 
rary real precision is 0.ססOO62cents. Since the 8087 
performs all internal calculations 
on 80-bit floating 
point numbers (temp real format), temporary real pre- 
cision operations perform faster than single- or double- 
precision. No data conversions are required when load- 
ing or storing temporary real values in the 8087. Thus, 
for business applications, the double-precision comput- 
ing of the 8087 is essential for accurate results, and the 
performance advantage of using the 8087 turns out to 
be as much as 100 times the equivalent software emula- 
tion program. 


6.3 
Matrix Multiply Benchmark 
Routine 


A routine was written in FORTRAN-86 
to compute 
the product of two matrices using a simple row/column 
inner-product method. Execution times were obtained 
for the multiplication of 32X32 matrices using double 
precision. The results of the benchmark are shown in 
Figure 14. 


The results show the 8087 coprocessor systems per- 
forming from 23 to 31 times faster than the equivalent 
software emulation program. Both the 80188/87 and 
the 80186/87 systems outperform the 8086/87 system 
by 34 to 75 percent. This difference is mainly attributed 
to the fact that the matrix program largely consists of 
effective address calculations used in array accessing. 
The hardware effective address calculator of the 80186 
and 80188 allow each array access to improve by as 
much as three times the 8086 effective address calcula- 
tion. 


The Whetstone benchmark program was developed by 
Harry Curnow for the Central Computer Agency of the 
British government. This benchmark has received high 
visibility in the scientific community as a measurement 
of main frame computer performance. It is a "synthet- 
ic" program. That is, it does not solve a real problem, 
but rather contains a mix of FORTRAN 
statements 
which reflect the frequency of such statements as mea- 
sured in over 900 actual programs. The program com- 
putes a performance metric: "thousands of Whetstone 
instructions per second (KIPS)." 


Simple variable and array addressing, fixed- and float- 
ing- point arithmetic, subroutine calls and parameter 
passing, and standard mathematical functions are per- 
formed in eleven separate modules or loops of a pre- 
scribed number of iterations. 


8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single Precision 
70.3 ms 
62.8ms 
43.4 ms 
.70ms 
.66ms 
.61 ms 


Double Precision 
72.1 ms 
62.9 ms 
44.4 ms 
.71 ms 
.66ms 
.61 ms 


Temp Real Precision 
72.6ms 
63.0 ms 
44.8 ms 
.69ms 
.65ms 
.59ms 


Average 
71.7 ms 
62.9 ms 
44.2ms 
.70ms 
.66ms 
.60ms 
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The original coding of the Whetstone benchmark was 
written in Algol-60 and used single-precision values. It 
was rewritten in FORTRAN with single-precision val- 
ues to exactly reflect the original intent. Another ver- 
sion was created using double-precision values. The re- 
sults are shown in Table 3. 


The results show the 8087 systems with the 80186 and 
80188 outperforming the equivalent software emulation 
by 60 to 83 times. Additionally, the 80186 coupled with 
the 8087 outperformed the 8086/87 system by 22 per- 
cent. 
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Figure 14. Double Precision 
Matrix Multiplication 
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Units = KIPS 
8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single 
2 
2.3 
3.3 
165.8 
178.0 
197.6 
Precision 


Double 
2 
2.2 
3.2 
151.7 
152.0 
Precision 
185.2 


These benchmarks show that the 8087 Numeric Data 
Coprocessor, coupled with either the 80186 or the 
80188, can increase the performance of a numeric ap- 
plication by 75 to 100 times the equivalent software 
emulation program. 


Applications which require array accessing with effec- 
tive address calculations will benefit even more by us- 
ing the 80188 and 80186 as the host processor as com- 
pared to the 8086. The results of the matrix multiplica- 
tion show both the 80188 and 80186 outperforming the 
8086 by 34 and 75%, respectively, in an 8087 system. 
In general, an 80186/8087 system will offer a 10% to a 
75% improvement over an equivalent 8086/8087 sys- 
tem, depending on the instruction mix. 


For controller applications which require high perform- 
ance in numerics and low system cost, the 16-bit 80186 
or 8-bit 80188 coupled with the 8087 offers an ideal 
solution. The integrated 
features of the 80186 and 


80188 offer a low system cost through reduced board 
space and a simplified production flow while the 8087 
fulfills the performance requirements of numeric appli- 
cations. 


The 82188 IBC provides a straightforward, highly inte- 
grated solution to interfacing the 80188 or 80186 to the 
8087. The bus control timings of the 82188 are compat- 
ible with the 80186 and 80188, allowing easy upgrades 
from existing designs. The 82188 features present a 
highly integrated solution to both new and old designs. 


The coprocessing capabilities of the 8087 bring per- 
formance improvements of 75 to 100 times the equiva- 
lent 80186 or 80188 software emulation program and 
an 80186/8087 system will offer a 10% to a 75% im- 
provement over an equivalent 8086/8087 system de- 
pending on the instruction mix. 


In addition a growing base of high-level language sup- 
port (FORTRAN, 
Pascal, C, Basic, PLIM, etc.) from 
Intel and numerous third-party software vendors facili- 
tates the timely and efficient generation of application 
software. 


82188 Data Sheet #231051 
80186 Data Sheet #210451 
80188 Data Sheet #210706 
iAPX 86/88 80186/188 Users Manual 
Programmers Reference #210911 
Hardware Reference #210912 
AP-113 "Getting Started with the 
Numeric Data Processor #207865 
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Systems which require I/O processing and serial data 
transmission are very software intensive. The commu- 
nication task and I/O operations consume a lot of the 
system's intelligence and software. In many conven- 
tional systems the central processing unit carries the 
burden of all the communication and I/O operations in 
addition to its main routines, resulting in a slow and . 
inefficient system. 


In an ideal system, tasks are divided among processors 
to increase performance and achieve flexibility. One at- 
tractive solution is the combination of the Intel highly 
integrated 80186 microprocessor and the Intel 8-bit mi- 
crocontrollers 
such as the 8OC51, 8052, or 8044. In 
such a system, the 80186 provides the processing power 
and the I Mbyte memory addressability, while the con- 
troller provides the intelligence for the I/O operations 
and data communication tasks. The 80186 runs appli- 
cation programs, performs the high level communica- 
tion tasks, and provides the human interface. The mi- 
crocontroller performs 8-bit math and single bit boole- 
an operations, the low level communication tasks, and 
I/O processing. 


PeSO 


PCSl 


OROO 


INTO 


RESET 


This application note describes an efficient method of 
interfacing the 16-bit 80186 high integration micro- 
processor to the 8OC51, 8052, or the microcontroller- 
based 8044 serial communication controller. The inter- 
face hardware shown in Figure 1.1, is very simple and 
may be implemented with a programmable logic device 
or a gate-array. The 80186 and the microcontroller may 
run asynchronously and at different speeds. With this 
technique data transfers up to 200 Kbytes per second 
can be achieved between a 12 MHz microcontroller and 
an 8 MHz 80186. 


The 8-bit 80188 high integration microprocessor can 
also be used with the same interface technique. The 
performance of the interface is the same since an 8-bit 
bus is used. 


Interface to the 8044, 8OC51,and the 8052 is identical 
because they have identical pinouts (some pins have 
alternate functions). As an example, the software pro- 
cedures for the 8044/80186 interface, which is the 
building block for the application driver, is supplied in 
this Application Note. 


lIRO 


lIWR 


cs 


OACK 
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RESET 


Figure 1.1. 80186/Microcontroller 
Based System 
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The 80186 and the microcontrollers 
are processors. 
They each access memory and have address/data, 
read, 
and write signals. There are three common ways to in- 
terface multiple processors together: 
I) First In First Out (FIFO) 
2) Dual Port RAM (DPRAM) 
3) Slave Port 


The FIFO interface, compared to DPRAM, 
requires 
less TIL and is easier to interface; however, FIFOs are 
expensive. The DPRAM interface is also expensive and 
even more complex. When DPRAM is used, the ad- 
dress/data 
lines of each processor must be butTered, 
and hardware 
logic is needed to arbitrate 
access to 
DPRAM. The slave port interface given here is cheaper 
and easier than both FIFO and DPRAM alternatives. 


The 80186 processor, when interfaced to this circuit, 
views the microcontroller as a peripheral chip with 8- 
bit data bus and no address lines (see Figure 1.1). It can 
read status and send commands to the microcontroller 
at any time. The microcontroller becomes a slave co- 
processor while keeping its processing power and serial 
communication capabilities. 


The microcontrollers, 
with the interface hardware, 
have a high level command interface like many other 
data 
communication 
peripherals. 
For 
example, the 
80186 can send the microcontroller commands such as 
Transmit or Configure. This means the designer does 
not have to write low level software to perform these 
tasks, and it offioads the 80186 to serve other functions 
in the application. 


The combination of the 80186 and a microcontroller 
basically provides all the functions that are needed in a 
system: a 16-bit CPU, 8-bit CPU, DMA controller, I/O 
ports, and a serial port. The 8OC51and the 8052 have 
an on-chip asynchronous channel, while the 8044 has 
an intelligent SDLC serial channel. In addition, many 
other functions such as timers, counters, and interrupt 
controllers are integrated in both the 80186 and the 
microcontrollers. 


Applications of the system described above are in the 
area of robotics, data communication networks, or seri- 
al communication 
backplanes. A typical example is 
copiers. Different segments of the copy machine like 
the motor, paper feed, diagnostics, and error/warning 
displays are all controlled by microcontrollers. 
Each 
segment receives orders from and replies to the central 
processor which consists of the 80186 interfaced with a 
microcontroller. 


Another common application is in the area of process 
controllers. An example is a central control unit for a 
multiple story building which controls the heating, 
cooling, and lighting of each room in each floor. In 
each room a microcontroller performs the above func- 
tions based on the orders received from the central 
processor. Depending on the throughput 
and type of 
the serial communication 
required, the 8044 or the 
8OC51(8052) may be selected for the application. 


2.0 OVERVIEW OF THE 80186, 
80C51, 8052, AND 8044 


This section briefly discusses the features of the micro- 
controllers and the 80186. For more information about 
these products please refer to the Intel Microcontroller 
and Microsystem components hand-books. Readers fa- 
miliar with the above products may skip this section. 


The 80186 contains an enhanced version of Intel's pop- 
ular 8086 CPU integrated with many other features 
common to most systems (Figure 2.1). The 16-bit CPU 
can access up to 1 Mbyte of memory and execute in- 
structions faster than the 8086. With speed selection of 
8, 10, and 12.5 MHz, this highly integrated product is 
the most popular 16-bit microprocessor for embedded 
control applications. 


The on-chip DMA controller has two channels which 
can each be shared by multiple devices. Each channel is 
capable of transferring data up to 3.12 Mbytes per sec- 
ond (12.5 MHz speed). It otTers the choice of byte or 
word transfer. It can be programmed 
to perform a 
burst transfer of a block of data, transfer data per speci- 
fied time interval, or transfer data per external request. 


The on-chip interrupt controller responds to both ex- 
ternal interrupts and interrupts 
requested by the on- 
chip peripherals such as the timers and the DMA chan- 
nels. It can be configured to generate interrupt vector 
addresses internally like the microcontrollers or exter- 
nally like the popular 8259 interrupt controller. It can 
be configured to be a slave controller to an external 
interrupt controller (iRMX 86 mode) or be master for 
one or two 8259s which in turn may be masters for up 
to 8 more 8259s. When configured in master mode, 
each channel can support up to 64 external interrupts 
(128 total). 


Three 16-bit timers are also integrated on the chip. 
Timer 0 and timer 1 can be configured to be 16-bit 
counters and count external events. If configured as 
timers, they can be started by software or by an exter- 
nal event. Timer 0 and I each contain a timer output 
pin. Transitions on these pins occur when the timers 
reach one of the two possible maximum counts. Timer 


• 
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2 can be used as a prescaler for timer 0 and I or can be 
used to generate OMA requests to the on-chip OMA 
channel. 


Finally, the integrated clock generator, the wait state 
generator, and the chip select logic reduce the external 
logic necessary to build a processing system. 


The 8OC51BH,as shown in Figure 2.2, consists of an 8- 
bit CPU which can access up to 64 Kbytes of data 
memory (RAM) and 64 Kbytes of program memory 
(ROM). In addition, 4 Kbytes of ROM and 128 bytes 
of RAM are built onto the chip. 


The on-chip interrupt 
controller supports five inter- 


rupts with two priority levels. There are two timers 
integrated in the 8OC51.Timer 0 and I can be config- 
ured as 8-bit or 16-bit timers or event counters. 


Finally the integrated full duplex asynchronous serial 
channel provides the human interface or communica- 


16-BIT 


CPU 


INTERRUPT 
CONTROLLER 
BUS 
CONTROLLER 


tion capability with other microcontrollers. The UART 
supports data rates up to 500 kHz (with 15 MHz crys- 
tal) and can distinguish between address bytes and data 
bytes. 


The 8052 has the same features as the 8OC51except it 
has 8 Kbytes of on-chip ROM and 256 bytes of on-chip 
RAM. In addition the 8052 has another timer which 
may be configured as the baud rate generator for the 
.serial port. 


The 8044 has all the features of the 8OC5l. In addition 
the on-chip RAM size is increased to 192 bytes and an 
intelligent HOLC/SOLC 
serial channel (SIU) replaces 


the 8OC51serial port (see Figure 2.3). It supports data 
rates up to 2.4 Mbps when an external clock is used and 
375 Kbps when the clock is extracted from the data 
line. The serial port can be used in half duplex point to 
point, multipoint, or one-way loop configurations. 
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Figure 2.3. 8044 Block Diagram 
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Figure 2.5. The 8044 Frame Formats 


The SIU is called an intelligent channel because it re- 
sponds to some SDLC commands automatically with- 
out the CPU intervention when it is set in auto mode. 
These automatic 
responses substantially 
reduce the 
communication 
software. Figure 2.4 gives the com- 
mands and the automatic responses. 


The 8044 supports many types of frames including the 
standard SDLC format. Figure 2.5 shows the types of 
frames the 8044 can transmit and receive. If a format 
with an address byte is chosen, the 8044 performs ad- 
dress filtering during reception and transmits the con- 
tents of the station address register during transmission 
automatically. If a format with FCS bytes is chosen, the 
8044 performs Cyclic Redundancy Check (CRe) dur- 
ing reception and calculates the FCS bytes during 
transmission of a frame in hardware. Two preamble 
bytes (PFS) may optionally be added to the frames. 
Formats that include the station address and the con- 
trol byte are supported both in the auto and flexible 
modes. 


3.0 80186/MICROCONTROLLER 
INTERACTION 


The 
80186 communicates 
with the microcontroller 
(8044, 8OC51 or 8052) through the system's memory 
and the CommandlData 
and Status registers. The CPU 
creates a data structure in the memory, programs the 
DMA controller with the start address and byte count 
of the block, and issues a command to the microcon- 
troller. A hypothetical block diagram of a microcon- 
troller when used with the interface hardware is given 
in Figure 3.1. 


Chip select and interrupt lines are used to communicate 
between the microcontroller and the host. The inter- 


rupt is used by the microcontroller to draw the 80186's 
attention. The Chip Select is used by the 80186 to draw 
the microcontroller's attention to a new command. 


There are two kinds of transfers over the bus: Com- 
mand/Status 
and 
data 
transfers. 
Command/Status 
transfers are always performed 
by the CPU. 
Data 
transfers are requested by the microcontroller and are 
typically performed by the DMA controller. 


The CPU writes commands using CS and WR signals 
and interrupts the microcontroller. The microcontroller 
reads the command, decodes it and performs the neces- 
sary actions. The CPU reads the status register using 
CS and RD signals (see Figure 4.1). 


To initiate a commnad like TRANSMIT or CONFIG- 
URE, a write operation to the microcontroller is issued 
by the CPU. A read operation from the CPU gives the 
status of the microcontroller. Section 5 discusses details 
on these commands and the status. 


Any parameters or data associated with the command 
are transferred between the system memory and the 
microcontroller 
using DMA. 
The 80186 prepares a 
data block in memory. Its first byte specifies the length 
of the rest of the block. The rest of the block is the 
information field. The CPU programs the DMA con- 
troller with the start address of the block, length of the 
block and other control information and then issues the 
command to the microcontroller. 


When the microcontroller requires access to the memo- 
ry for parameter or data transfer, it activates the 80186 
DMA request line and uses the DMA controller to 
achieve the data transfer. Upon completion of an opera- 
tion, the microcontroller 
interrupts 
the 80186. The 
CPU then reads results of the operation and status of 
the microcontroller. 


80CS1 


OR 


8052 


OR 


8044 


There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/status 
transfers are always initiated and performed by the 
80186. The data transfers are requested by the micro- 
controller using the DMA request (DRQ) line. In rela- 
tively slow systems the 80186 might also perform the 
data transfers. In that case, the request from the micro- 
controller will serve as an interrupt to the CPU. This 
mode of operation depends on the serial data rate. 


The system interface performs command/status trans- 
fers, data/parameter transfers, and interrupts. This sec- 
tion describes the interface between the 80186 and a 
microcontroller shown in Figure 1.1. Section 6 de- 
scribes the interface hardware. 


The 80186controls the microcontroller by writing into 
the command/data register and reading from the status 
register. The CPU writes a command by activating the 
chip select (PCSO),putting the command onto the data 
bus, and activating the WR signal. The command byte 
is latched into the command/data register, and the mi- 
crocontroller is interrupted. In the interrupt service 
routine, the microcontroller reads the command byte 
from the command/data 
register, decodes the com- 
mand byte, and activates the DRQ for data or parame- 


ter transfer if the decoded command requires such 
transfer. 


At the end of parameter transfer the microcontroller 
updates the status register and interrupts the 80186. 


Data/parameter 
transfers are controlled by a pair of 
REQUEST/ACKNOWLEDGE 
lines: DMA Request 
line (DRQ) and DMA Acknowledge line (DACK). 
Data and parameters are transferred via the Com- 
mandlData register to or from memory. 


In order to request a transfer from memory, the micro- 
controller activates the DRQ pin. The DRQ signal goes 
active after a read operation by the microcontroller. In 
response, the 80186 DMA controller performs a byte 
transfer from the memory to the CommandlData regis- 
ter. Data is transferred on the bus and written into the 
CommandlData 
register on the rising edge of the 
80186 WR signal (MWR), which is activated by the 
DMA controller. Figure 4.2 shows the write timing. 


In order to request a transfer to memory, the microcon- 
troller activates the DRQ signal and outputs the data 
into the CommandlData 
latch. When the microcon- 
troller WR signal goes active, DRQ is set. In response, 
the DMA performs the data transfer and resets the 
DRQ signal. Figure 4.3 shows the read timing. 


inter 


the 
INTERRUPT 
ACKNOWLEDGE 
bit 
is 
set 
(MD7). The INT A bit is the most significant bit of the 
command byte. Figure 4.4 and 4.5 show the interrupt 
timing. Note that it is the responsibility of the CPU to 
clear the interrupt in order to prevent a deadlock. 


The microcontroller reports on completion of an event 
by updating the status register and raising the interrupt 
signal assuming this signal is initially low. The inter- 
rupt is cleared by the command from the CPU where 


80186 Pin Name 
Function 


CS 
RD 
WR 


1 
X 
X 
No Transfer 
to/from 
Command/Status 
0 
1 
1 


0 
_0 
0 
Illegal 


0 
0 
1 
Read from Status Register 


0 
1 
0 
Write to Command/Data 
Register 


DACK 
RD 
WR 
• 
1 
X 
X 
No Transfer 
0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Data Read from DMA Channel 


0 
1 
0 
Data Write to DMA Channel 


NOTE: 
Onlyone of CS. DACK may be active at any time. 
Figure 
4.1. Data Bus Control 
Signals 
and Their 
Functions 
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This section specifies the format of the commands and 
status. The commands and status given here are similar 
to most common coprocessors and data communication 
peripherals (e.g.• the 82588 and 82586). The user may 
add more commands or redefine the formats for his/ 
her own specific application. 


A command is given to the microcontroller by writing 
it into the CommandlData 
register and interrupting 
the microcontrol1er. The command can be issued at any 
time; but in case it is not accepted. the operation is 
treated like a NOP and will be ignored (although the 
INT will be updated). 


Format: 


7654 
3210 


I 
INTA 
~ 
O_P_E_R_AT_I_O_N__ 


The INT A bit. if set. causes the interrupt 
hardware 


signal and the interrupt bit to be cleared. This is the 
5-28 


only way to clear the interrupt bit and reset the 80186 
interrupt signal other than by a hardware reset. 


The OPERATION 
field initiates a specific operation. 


The microcontrol1er executes the fol1owing commands 
in software: 


NOP 
ABORT 
TRANSMIT· 
CONFIGURE· 
DUMp· 
RECEIVE· 
TRA-DISABLE 
REC-DISABLE 
·Requires DMA operation. 


The above operations except ABORT are executed only 
when the microcontrol1er is not executing any other 
operation. Abort is accepted only when the CPU is per- 
forming a DMA operation. 


inter 


Operations that require parameter transfer (e.g., CON- 
FIGURE and DUMP) or data transfer (e.g., TRANS- 
MIT and RECEIVE) are called parametric operations. 
The remaining are called non-parametric operations. 


An operation is initiated by writing into the command 
register. This causes the microcontroller to execute the 
command decode instructions. Some of the operations 
cause the microcontroller 
to read parameters 
from 
memory. The parameters are organized in a block that 
starts with an 8-bit byte count. The byte count specifies 
the length of the rest of the block. Before beginning the 
operation, the DMA pointer of the DMA channel must 
point to the byte count. There is no restriction on the 
memory structure of the parameter block as long as the 
microcontroller receives the next byte of the block for 
every DMA request it generates. Transferring the bytes 
is the job of the 80186 DMA controller. 


The microcontroller requests the byte-count and deter- 
mines the length of the parameter block. It then re- 
quests the parameters. 


Upon completion of the operation, (when interrupt is 
low) the microcontroller updates the status, raises the 
interrupt signal, and goes idle. 


This operation does not affect the microcontroller. It 
has no parameters and no results. 


This operation attempts to abort the completion of an 
operation under execution. It is valid for CONFIG- 
URE, TRANSMIT, 
DUMP, and RECEIVE. It is ig- 
nored for any of the above if transfer of parameters has 
already been accomplished. The microcontroller, upon 
reception of the ABORT command, stops the DMA 
operation and issues an Execution-Aborted interrupt. 


This operation transmits one message. A message may 
be transmitted as an SDLC frame by the 8044, or in 
ASYNC protocol by the 8OC5l or the 8052 serial port. 


Figure 5.1 shows the format of the Transmit block. A 
typical transmit operation parameter block includes the 
destination address and the control byte in the informa- 
tion field. As an example, see the 8044 transmit block 
in Figure 7.2. 


BYTE COUNT 


FIRST INFO BYTE 


LAST INFO BYTE 


Figure 5.1. Format of Transmit 
Block 


The transmit operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Transmit-Done 
or Execution-Aborted 
interrupt 
is is- 
sued upon completion of this operation. 


This operation configures the microcontroller's internal 
registers. The length and the part of the configuration 
block that is modified are determined by the first two 
bytes of the command parameter (see Figure 5.2). The 
FIRST BYTE specifies the first register in the config- 
ure block that 
will be configured, 
and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam· 
pie, if the FIRST BYTE is 1 and the BYTE COUNT is 
the length of the configure block, then all of the regis- 
ters are updated. If FIRST BYTE is 4 and BYTE 
COUNT is 2, then only the fourth register in the con- 
figure block is updated. Minimum byte count is 2. 


7 
6 
5 
4 
3 
2 
1 
0 


BYTE COUNT 


FIRST BYTE 


FIRST REGISTER 


LAST REGISTER 


Figure 5.2. Format of Configure 
Block 


A Configure-Done interrupt is issued when the opera- 
tion is done unless ABORT was issued during the 
DMA operation. 


This operation causes dumping of a set of microcontrol- 
ler internal registers to system memory. Figure 7.4 
shows the format of the 8044 DUMP block. 


The DUMP operation will either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Dump-Done or Execution-Aborted interrupt is issued 
upon completion of this operation. 


• 


This operation enables the reception of frames. It is 
ignored if the microcontroller's serial channel is already 
in reception mode. 


The serial port receives only frames that pass the ad- 
dress filtering. The microcontroller 
transfers the re- 
ceived information and the byte count to the system 
memory using DMA. The completion of frame recep- 
tion causes a Receive-Done event. 


This operation causes reception to be disabled. If trans- 
fer of data to the 80186 memory has already begun, 
then it is treated like the ABORT command. This oper- 
ation has no parameters. REC-DISABLE 
is accepted 
only when the microcontroller's serial port is in receive 
mode. 


This operation causes the transmission process to be 
aborted. If the microcontroller is fetching data from 
80186 memory, then it is treated like the ABORT com- 
mand. This operation has no parameters. It is accepted 
only when the serial port is in transmit mode. 


Parametric 
and 
non-parametric 
commands 
except 
ABORT will be rejected (interrupt will not be set) if the 
microcontroller is already executing a command. 


ABORT is rejected if issued when the microcontroller 
is not requesting DMA operation, or a non-Parametric 
execution is performed, or transfer of parameters/data 
has already been accomplished. 


DMA operations shall not be aborted by any non-para- 
metric or parametric command except by the ABORT 
command. 


REC-DISABLE 
and TRA-DISABLE 
will not be ac- 
cepted if the serial channel is idle. 


The microcontroller provides the information about the 
last operation that was executed, via the status register. 


The microcontroller reports on these events by updat- 
ing a status register and raising the INTERRUPT 
sig- 
nal. Information from the status register is valid pro- 
vided the interrupt signal is high or bit 0 of the status 
being read is set. 


Format: 
7 
6 


~ 
RTS' 


°8044 only 


5 
4 
3 
2 
1 
0 
I~__EV_E_N_T_~ 


The interrupt bit is set together with the hardware in- 
terrupt signal. Setting the INT bit indicates the occur- 
rence of an event. This bit is cleared by any command 
whose INTA bit is set. Status is valid only when this bit 
is set. 


The DMA bit, when set, indicates that a DMA opera- 
tion is in progress. This bit is set if the commnad re- 
ceived by the microcontroller requires data or parame- 
ter transfer. If this bit is clear, DRQ will be inactive. 
The DMA bit, when cleared, indicates the completion 
of a DMA operation. 


The E bit, if set, indicates that the event generated for 
the operation that was completed contains a warning, 
or the operation was not accepted. 


The RTS bit, if clear, indicates that the serial channel is 
requesting a transmission. 


The CTS bit indicates that, if the RTS bit is clear, the 
serial port is active and transmitting a frame. 


The event field specifies why the microcontroller needs 
the attention of the 80186. 


CONFIGURE-DONE 
TRANSMIT-DONE 
DUMP-DONE 
RECEIVE-DONE 
RECEPTION-DISABLED 
TRANSMISSION-DISABLED 
EXECUTION-ABORTED 


inter 


This event indicates the completion of a CONFIGURE 
operation. 


This event indicates the completion of the TRANSMIT 
operation. 


If the E bit is set, it indicates that the transmit buffer 
was already full. 


This event indicates that the DUMP operation is com- 
pleted. 


This event indicates that a frame has been received and 
stored in memory. 


The format of the received message is indicated in Fig- 
ure 5.3. 


LAST INFO BYTE 


RECEIVED 
BYTE COUNT 


Figure 5.3. Format of Receive 
Block 


Following the byte count, a few more bytes relating to 
the received frame such as the source address and the 
control byte may be transferred to the system memory 
using DMA. As an example, see the 8044 receive block 
in Figure 7.3. 


Note that the format of a frame received by the micro- 
controller serial channel is configured by the CONFIG- 
URE command. 


This event is issued as a result of a RCV-DISABLE 
operation that causes part of a frame to be disabled. 


If the E bit is set, the serial port was already disabled, 
and the RCV-DISABLE is not accepted. 


This event is issued as a result of a TRA-DISABLE 
operation that causes transmission of a frame to be dis- 
abled. 


The E bit, if set, indicates that ,the TRA-DISABLE 
operation was not accepted since the serial port was 
already idle, or transmission of a frame has already 
been accomplished. 


This event indicates that the execution of the last opera- 
tion was aborted by the ABORT command. 


If the E bit is set, ABORT was issued when the micro- 
controller was not executing any commands. 


The interface hardware shown in Figures 6.1 and 6.2 
are identical. The difference is the status register. In 
Figure 6.2, an external latch is used to latch the status 
byte. This hardware is recommended if an extra I/O 
port on the microcontroller is required for some other 
applications, or external program and data memory is 
required for the microcontroller. The hardware shown 
in Figure 6.1 makes use of one of the microcontroller's 
I/O ports (Port 1) to latch the status to minimize hard- 
ware. The discussion of Sections I through 5 apply to 
both schematics. 


After an 80186 hardware reset, the microcontroller is 5 
also reset. The on-chip registers are initialized as ex- 
plained in the Intel Microcontroller Handbook. The re- 
set signal also clears the 80186 interrupt and the micro- 
controller interrupt signals by resetting FF3 (Flip-Flop 
3) and FF2 (Flip-Flop 2). Figure 4.5 shows the RESET 
timing. 


A bidirectional latched transceiver (74ALS646) is used 
for the CommandlData 
register. 
When the 
80186 
writes a command to the CommandlData 
register, it 
interrupts the microcontroller. The interrupt is generat- 
ed only when bit 7 (INTA) of the command byte is set. 
When the 80186 PCSO and WR signals go active to 
write the command, FF2 will be set and FF3 will be 
cleared. The output ofFF3 is the interrupt to the 80186 
and the INT status bit. The INT bit is cleared immedi- 
ately to indicate that the status is'no longer valid. The 
output of FF2 is the interrupt to the microcontroller. A 
high to low transition on this line will interrupt 
the 
microcontroller. The interrupt signal will be cleared as 
soon as the microcontroller reads the command from 
the CommandlData 
register. 


In the interrupt service routine the command is decod- 
ed. If it requires a DMA transfer, the microcontroller 
sets the DMA bit of the status register which activates 
the DMA request signal. DRQ active causes the 80186 
on-chip DMA to perform a fetch and a deposit bus 
cycle. The first DMA cycle clears the DRQ signal (FFI 
is cleared). When the microcontroller performs a read 
or write operation, the output of the FFl will be set, 
and DRQ goes active again. 


The DMA controller transfers a byte from system 
memory to the CommandlData 
register. Data 
is 
latched when the 80186 PCSI and WR signals go ac- 
tive. PCSI and WR active also clear FFl. The micro- 
controller monitors the output of FFl by polling the 
P3.3 pin. When FFl 
is cleared the microcontroller 
reads the byte from the CommandlData register. The 
P3.3 pin is also the interrupt pin. If a slow rate of trans- 
fer is acceptable, every DMA transfer can be interrupt 
driven to allow the microcontroller to perform other 
tasks. 


The DMA controller transfers a byte from the Com- 
mandlData 
register to system memory by activating 


the 80186 PCSI and RD signals. PCSI and RD active 
also clear FFl. When FFI is cleared the microcontrol- 
ler writes the next byte to the CommandlData register. 


When all the data is transferred, the microcontroller 
clears the DMA status bit to disable DRQ. It then up- 
dates the status, sets the INT bit, and interrupts the 
80186. 


If the interface hardware in Figure 6.1 is used Pl.l 
is 


the DMA status bit and Pl.O is the INT bit. The micro- 
controller enablesor disables them by writing to port l. 
In Figure 6.2, DRQ or INT is disabled or enabled by 
writing to the 74LS374 status register. Note that the 
INT status bit is cleared by the hardware when the 
80186 writes a command. 


The command is written and the status is read with the 
same chip select (PCSO), although the status is read 
through the 74LS245 transceiver and the command is 
written to the CommandlData register. 
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LSl38 
1.2 


IolWR 
1.0 


A' 


ALE 
PCSO 


WR 


INT 


P3.2/INTO 


The microcontroller updates the status byte whenever a 
change occurs in the status and outputs the result to the 
status register. In order to read status, the 80186 acti- 
vates the PCSO line, and then activates the RD line. 
The contents of the status are put on the data bus, 
through the 74LS245 transceiver. 


For systems that require two DMA channels, a second 
pair of DRQlIDACK1 
signals may easily be added to 


the hardware. 
In that 
case one of the status bits 


(DMA2) ANDed with the output of FFI will serve as 
the second DMA request signal (DRQl). DACKI can 
be generated with the 80186 PCS2. 


This section shows how to make use of the status and 
commands described in section 5 and the hardware giv- 
en in Figure 6.1 to interface the 80186 with the 8044. 
The 8044 code to implement these functions is shown 
in Appendix A. 


This operation configures the 8044 registers. The for- 
mat of the configure block is shown in Figure 7.1. The 
part of the configuration block that is modified is deter- 
mined by the first two bytes of the command parame- 
ter. The FIRST BYTE specifies the first register in the 
configure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is 1 and the BYTE COUNT is 
13, then all of the registers are updated. If FIRST 
BYTE is 4 and BYTE COUNT is 2, then transmit butT- 
er start register is configured. 


The configure command performs the following: 1) 
configures the interrupts and assigns their priorities; 2) 
assigns the start address and length of the transmit and 
receive butTers; 3) sets the station address; 4) sets the 
clock option and the frame format. 


For other microcontrollers the format of the configure 
block should be modified accordingly. For example, the 
80CSl serial port registers (e.g., T2CON, SCON) re- 
place the 8044 SIU registers in the configure block. 


7 
6 
543 
2 
1 
0 


BYTE COUNT 


FIRST BYTE 


STS 


SMD 


STATION 
ADDRESS 


TRANSMIT 
BUFFER START 


TRANSMIT 
BUFFER 
LENGTH 


RECEIVE 
BUFFER START 


RECEIVE BUFFER 
LENGTH 


INTERRUPT 
PRIORITY 


INTERRUPT 
ENABLE 


TIMER/COUNTER 
MODE 
I 
TIMER/COUNTER 
MODE 
I 
PROCESSOR 
STATUS WORD 


7.2 Transmitting 
a Message 
with the 8044 


A message is a block of data which represents a text file 
or a set of instructions for a remote node or an applica- 
tion program which resides on the 8044 program mem- 
ory. A message can be a frame (packet) by itself or can 
be comprised of multiple frames. An SDLC frame is 
the smallest block of data that the 8044 transmits. The 
8044 can receive commands from the 80186 to transmit 
and receive messages. The 8044 on-chip CPU can be 
programmed to divide messages into frames if neces- 
sary. Maximum frame size is limited by the transmit or 
receive buffer. 


To transmit a message, the 80186 prepares a transmit 
data block in memory as shown in Figure 7.2. Its first 
byte specifies the length of the rest of the block. The 
next two bytes specify the destination address of the 
node the message is being sent to and the control byte 
of the message. The 80186 programs the DMA control- 
ler with the start address of the block, length of the 
block and other control information and then issues the 
Transmit command to the 8044. 


Upon receiving the command, the 8044 fetches the frrst 
byte of the block using DMA to determine the length of 
the rest of the block. It then fetches the destination 
address and the control byte using DMA. 


The 8044 fetches the rest of the message into the on- 
chip transmit buffer. The size and location ofthe trans- 
mit buffer in the on-chip RAM is configured with the 
Configure command. The 8044 CPU then enables the 
Serial Interface Unit (SIU) to transmit the data as an 
SDLC frame. The SIU sends out the opening flag, the 
station address, the SDLC control byte, and the con- 
tents of transmit buffer. It then transmits the calculated 
CRC bytes and the closing flag. The 8044 CPU and the 
SIU operate concurrently. The CPU can fetch bytes 
from system memory or execute a command such as 
TRANSMIT-DISABLE 
while the SIU is active. 


Upon completion of transmission, the SIU updates the 
internal registers and interrupts the 8044 CPU. The 
8044 then updates the status and interrupts the 80186. 
Note that baud rate generation, 
zero bit insertion, 
NRZI encoding, and CRC calculation are automatical- 
ly done by the SIU. 


7.3 
Receiving a Message 
with the 8044 


To receive a message, the 80186 allocates a block of 
memory to store the message. It sets the DMA channel 
and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel. The 8044 receives and passes to memory 
all frames whose address matches the individual or 
broadcast address and passes the CRC test. 


The SIU performs NRZI decoding and zero bit dele- 
tion, then stores the information field of the received 
frame in the on-chip receive buffer. At the end of recep- 
tion, the CPU requests the transfer of data bytes to 
80186 memory using DMA. After transferring all the 
bytes, the 8044 transfers the data length, source ad- 
dress, and control byte of the received frame to the 
memory (see Figure 7.3). Upon completion 
of the 
transfers, the 8044 updates the status register and raises 
the interrupt signal to inform the 80186. 


If the SIU is not ready when the first byte of the frame 
arrives, then the whole frame is ignored. Disabling re- 
ception after the first byte was passed to memory caus- 
es the rest of the frame to be ignored and an interrupt 
with Receive-Aborted event to be issued. 
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Figure 7.2. The 8044 Transmit 
Frame Structure 
and Location 
of Data Element 
In System 
Memory 
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Figure 7.3. The 8044 Receive 
Frame Structure 
and Location 
of Received 
Data Element 
In 
System 
Memory 


Upon reception of the Dump command, the 8044 trans- 
fers the contents of its internal registers to the system 
memory (See Figure 7.4). 


STSREG. 


SMDREG. 


STADREG. 


TBS REG. 


TBLREG. 


TCB REG. 


RBSREG. 


RBLREG. 
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RFLREG. 
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TMODREG. 


TCON REG. 


To abort a DMA operation, the 80186 sends an Abort 
command to the CommandlData 
latch and interrupts 
the 8044. During a DMA operation, the 8044 puts the 
external interrupt to high priority; therefore, the Abort 
interrupt will suspend the execution of the operation in 
progress and update the status register with the Execu- 
tion-Aborted event. It then returns the 8044 program 
counter to a location before the aborted operation start- 
ed. The Abort software procedure given in Appendix A 
gives the details of the execution of the ABORT com- 
mand. 


7.6 
Disabling the Transmission 
or 
Reception 


Transmission of a frame is aborted if the 80186 sends a 
TRANSMIT-DISABLE 
command to the 8044. The 
command causes the 8044 to clear the Transmit Buffer 


Full (TBF) bit. During transmission, if the TBF bit is 
cleared, the SIU will discontinue the transmission and 
interrupt the 8044 CPU. 


The RECEIVE-DISABLE 
command causes the 8044 
to clear the Receive Buffer Empty (RBE) bit. The sm 
aborts the reception, if the RBE bit is cleared by the 
CPU. 


When transmission or reception of a frame is discontin- 
ued, the sm interrupts the 8044 CPU. The CPU then 
updates the status and interrupts the 80186. 


When the 80186 sends a command, it sets the 8044 
external interrupt flag. The 8044 services the interrupt 
at its own convenience. In the interrupt service routine 
the 8044 executes the appropriate instructions for a giv- 
en command. During execution of a command the 8044 
ignores any command, except ABORT, sent by the 
80186 (see section 5.1.2). This is accomplished by clear- 
ing the interrupt flag before the 8044 returns from the 
interrupt service routine. During DMA operations the 
8044 sets the external interrupt 
to high priority. An 
interrupt with high priority can suspend execution of 
an interrupt 
service routine with low priority. 
The 
ABORT command given by the 80186 will interrupt 
the execution of the DMA transfer in progress. Upon 
completion of ABORT, execution of the last operation 
will not be resumed (see Appendix A). Note that any 
other command given during the DMA operation will 
also abort the operation in progress and should be 
avoided. 


To increase the number of information bytes in a frame, 
the 8044 can be operated in Expanded mode. In Ex- 
panded operation the sy~tem memory can be used as 
the transmit and receive buffer instead of the 8044 in- 
ternal RAM. AP-283, "Flexibility in Frame Size Oper- 
ation with the 8044", describes Expanded operation in 
detail. 


8.1 Transmitting 
a Message in 
Expanded 
Operation 


In Expanded operation the 8044 transmits the frame 
while it is fetching the data from the system memory 
using DMA. An internal transmit buffer is not neces- 
sary. The system memory can be used as the transmit 
buffer by the 8044. 


Upon receiving the Transmit command, the 8044 en- 
ables the SIU and fetches the first data byte from the 
Command/Data 
register. The SIU transmits the open- 
ing flag, station address, and the control byte if the 
frame format includes these fields. It then transmits the 


fetched data. The 8044 CPU fetches the next byte while 
the previously fetched byte is being transmitted by the 
SIU. The 
CPU 
fetches the remaining 
bytes using 
DMA, then the SIU transmits them simultaneously un- 
til the end of message is reached. The SIU then trans- 
mits the FCS bytes, the closing flag and interrupts the 
8044 CPU. The 8044 updates the status with the Trans- 
mit-Done event and interrupts the 80186. If the, DMA 
does not keep up with transmission, the transmission is 
an underrun. 


8.2 
Receiving a Message in Expanded 
Operation 


In Expanded operation the DMA controller transfers 
data to the system memory while the 8044 SIU is re- 
ceiving them. 


To receive a message, the 80186 allocates a block of 
memory for storing the message. It sets the DMA chan- 
nel and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel and waits for a frame. The SIU performs 
flag detection, address filtering, zero bit deletion, NRZI 
decoding, and CRC checking as it does in Normal op- 
eration. 


After the SIU receives the first byte of the frame, the 
8044 CPU requests the transfer of the byte to memory 
using DMA. The 80186 DMA moves the information 
byte into the system memory while the SIU is receiving 
the next byte. The next byte is transferred to the memo- 
ry after the SIU receives it. When the entire frame is 
received, the SIU checks the received Frame Check Se- 
quence bytes. If there is no CRC error, the SIU updates 
the 8044 registers and interrupts the 8044 CPU. The 
CPU updates the status and interrupts the 80186. 


This application note describes an efficient way to in- 
terface the 80186 and the 80188 microprocessors to the 
Intel 8-bit microcontrollers like the 8OC51, 8052, and 
8044. To illustrate this point the 80186 microprocessor 
interface to the 8044 microcontroller based serial com- 
munication chip was described. The hardware interface 
given here is very general and can interface the 8-bit 
microcontrollers to a variety of Intel microprocessors 
and DMA controllers. The microcontrollers with this 
interface hardware have the same benefits as both the 
Intel UPI-41142 family and data communication pe- 
ripheral chips such as the 82588 and the 82568 LAN 
controllers. Like the Intel UPI chips, they can be easily 
interfaced to microprocessors, and like the data com- 
munication peripherals, they execute high level com- 
mands. A similar approach can be used to interface 
Intel microprocessors to the 16-bit 8096 microcontrol- 
ler. 


APPENDIX 
A 
SOFTWARE 


The software modules shown here implement the exe- 
cution of commands and status explained in sections 5 
and 7. The 80186 software provides procedures to send 
commands and read status. The 8044 software decodes 
and executes the commands, updates the status, and 
interrupts 
the 80186. The procedures given here are 
called by higher level software drivers. For example, an 
80186 application program may use the Transmit com- 
mand to send a block of data to an application program 
that resides in the 8044 ROM or in another remote 
node. The application programs and the drivers that 
perform the communication tasks run asynchronously 
since all communication tasks are interrupt-driven. 


Figure A-I shows how to assign the ports and control 
registers for an 80186-based system. The software is 
written for an Intel iSBC@ 186/51 computer board. 
The 8044 hardware is connected to the computer board 
iSBXTMconnector. 


Figure A-2 shows the 80186 command procedures. 
These procedures are used by the data link driver. 


Figure A-3 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
80186 memory to the 8044. This procedure is used by 
the TRANSMIT and CONFIGURE 
commands. 


Figure A-4 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
8044 to the 80186 memory. This procedure is used by 
the RECEIVE and DUMP commands. 


Figure A-5 shows an interrupt service routine which 
handles interrupts resulting from various events. Note 
that this routine is not complete. The user should write 
the software to respond to events. 


Figure A-6 shows an example of the 80186 software. It 
shows how to start various operations. This is not a 
data link driver, but it gives the procedures needed to 
write a complete driver. 


Figure A-7 shows how to initialize the 8044. The user 
application program should be inserted here. 


Figures A-8 through A-13 show the 8044 external in- 
terrupt service routine. In this routine a command re- 
ceived from the 80186 is decoded, and one of the com- 
mand procedures shown in Figures A-9 through A-13 
is executed. 


Figure A-14 shows the serial channel (SIU) interrupt 
service routine. Note that execution of TRANSMIT, 
RECEIVE, 
and TRANSMIT-DISABLE 
commands 
are completed in this routine. 
• 


inter 


NAIIE COM_DRIVER 


;.. 
80186 
SOFTWARE FOR TIlE 
80186/MICROCONTROLLER 
INTERFACE 


;. 
80H 
BOARD CONNECTED TO TIlE 
SBX1 
OF THE SBC 
186/51 
BOARD. 
;. 
SBX1 
INTO 
TIED 
TO 80130 
IR[0-7]. 
CONNECT Jt1MPER 
30 
TO 46. 


;. 
80186 
DKA CIIAlIIIEL 
1 USED. 
CONNECT JUMPER 
202 
TO 203. 


CMD 
44 
ST 44 
DATA_H 


; 
EVENTS 


CON DONE 
TRA-DONE 
DUM-DONE 
REC-DONE 
REC-DISA 
TRA-DISA 
ABO-DONE 
; 
COIlllANDS 


ABO CMD 
EQU 
REC-DIS 
CMD 
EQU 
XMIT 
DIS 
CMD EQU 
REC OlD 
- 
EQU 
TRA-CMD 
EQU 
DUM-CMD 
EQU 
CON-CMD 
EQU 
NOP::CMD 
EQU 


EQU 
080K 
EQU 
080K 
EQU 
OD4K 


ADDRESS 
OF TIlE 
COMMANDREGISTER 
ADDRESS 
OF TIlE 
STATUS 
REGISTER 
; 
ADDRESS 
OF THE DATA REGISTER 


EQU 
01K 
EQU 
02K 
EQU 
03K 
EQU 
04K 
EQU 
05K 
EQU 
06K 
EQU 
07K 
(INTA~l) 


CONFIGURE 
DONE 
TRANSMIT 
DoNE 
DUMP DONi 
RECEIVE 
DONE 
RECEPTION 
DISABLE 
TRANSMISSION 
DISABLE 
EXECUTION_ABORTED 


080K 
08lK 
082K 
083K 
084H 
085K 
086K 
087K 


. ABORT 
RECEIVE 
DISABLE 
TRANSMIT 
01 SABLE 
RECEIVE 
TRANSMIT 
DUMP 
CONFIGURE 
NOP 


SL 
DKA1 
SK-DKAI 
DL-DKAI 
DK-DKAI 
CNT DKA1 
CTL::DKA1 


EQU 
OFFDOK 
EQU 
OFFD2K 
EQU 
OFFD4K 
EQU 
OFFD6K 
EQU 
OFFD8H 
EQU 
OFFDAR 


SOURCE ADDRESS 
(LO 
WORD) 
SOURCE ADDRESS 
(HI 
WORD) 
DESTINATION 
ADDRESS 
(LO WORD) 
DESTINATION 
ADDRESS 
(HI 
WORD) 
TRANSFER 
COUNT ADDRESS 
CONTROL ADDRESS 


CTLO 
INTR 
CTLCINTR 
KASK-INTR 
EOI 
INTR 
NSPEC_BIT 


EQU 
OFF38H 
EQU 
OFF3AR 
EQU 
OFF28H 
EQU 
OFF22H 
EQU 
08000H 


; 
INT 
0 CONTROL ADDRESS 
INT 
1 CONTROL REGISTER 
INT 
KASK REGISTER 
INT 
EOI 
REGISTER 
NON-SPECIFIC 
EOI 


EOI 
SINTR 
EQU 
OEOH 
KASK_SINTR 
EQU 
OE2H 


RD IRR 
EQU 
010H 
RD::ISR 
EQU 
OUH 


inter 


ORG 
(IV_BASE+l) 
*4H 


LABEL 
DWORD 


DATA 
SEGMENT 
PUBLIC 
'DATAl 


REC_BUFFER 
DB 
1024 
DUP(?) 


CON_BUFFER 
DB 
08H, OlK, oOH, OOOH,558, 
20B, 05H, 30H, 05H 


DUK_BUFFER 
DB 
O"H 
DUP(?) 


TRA_BUFFER 
DB 
078, 558, 118, 018,028,038,048,05H 


CMHD_FLAG 
DW 
FALSE 


DATA 
ENDS 


ASSUME 
,,, 


CS:COOE, 
os: DATA, 
ES: NOTHING, 
SS:STACK 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR 
[BP+6) 
AX,WORD 
PTR(BP+10) 
AB,OR 
RECDMA 
AL,iEC 
CMD 
CMD 44;AL 
BP - 


CALL 
REC-DMA 
I 
LOAD 
RECEIVE 
COIlllAHD 
SEND 
TO 
COIlllAHD/DATA 
REG 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORD 
PTR 
[BP+6) 


AX,WORD 
PTR[BP+10) 
AN,OH 
TRA 
DMA 
AL,TRA_CMD 
OlD 44,AL 
BP 
- 


CALL 
TRA-DMA 
LOAD 
TRANSMIT 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


inter 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 
RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6J 
AX,WORO PTR[BP+IO) 
AH,OH 
TRA DIlA 
AL,eON 
CMD 
CMO 44;AL 
BP - 


CALL TRA-DIlA 
LOAO CONFIGURE 
eOMllAND 
SEND TO COMllAND/DATA REG 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
pop 
RET 


BP 
BP,SP 
SI,llllORD 
PTR[BP+6J 
AX,WORD PTR[BP+IOJ 
AH,OH 
REe 
DIlA 
AL,Dux 
CMD 
CMD 44;AL 
BP - 


LOAD BUFFER 
POINTER 
LOAD BUFFER 
SIZE 


CALL REe-DIlA 
LOAD DUMP eOMllAND 
SEND TO COMllAND/DATA REG 


ABOR_COIlMAND 
PRoe 
FAR 


MOV 
AL,ABO 
CM.O 
LOAD 
ABORT 
COMMAND 
OUT 
CMD_44-;-AL 
SEND TO eOMllAND/DATA 
REG 
RET 


NOP_COMllAND 
PROC 
FAR 


MOV 
AL,NOP_CHD 
OUT 
CM.O_44,AL 
RET 


NOP_ COMllAND 
ENDP 


inter 


.111 
111*•• ***** 111 ** 111.* * 111* 111111.* 
111111••••• 
* •• *.* ******. *.*.*.* * * * * **.** 
.* 
RECEIVE 
OMA 
ARGS 
AX 
BUFFER 
SIZE 
ES: SI 
BUFFER 
POINTER 


REC_DHA 
PROC 
NEAR 
MOV 
eXtCNT_DNAl 
OUT 
DX,AX 


XOR 
BX,BX 
MOV 
AX,ES 
SHL 
AX,I 
RCL 
BX,l 
SHL 
AX,I 
RCL 
SX,l 
SHL 
AX,I 
RCL 
BX,l 
SHL 
AX,1 
RCL 
BX,l 
ADD 
AX,SI 
ACe 
BX,O 
MOV 
OXtOL_DNAl 
OUT 
DX,AX 
MOV 
AX,BX 


MOV 
DX,DH_DMAl 
OUT 
DX,AX 


MOV 
AX,DATA 
44 
MOV 
DX,SL_DMAl 
OUT 
OX,AX 


XOR 
AX,AX 
MOV 
DX,SH_DHAI 
OUT 
DX,AX 


MOV 
OX, CTL_DMAl 
MOV 
AX,1010001010100110B 
OUT 
DX,AX 
RET 


REC_DMA 
ENDP 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


ADD THE OFFSET 
TO BASE 


LOAD ADDRESS 
OF DEST 
POINTER 
(LO WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF SOURCE 
POINTER 
PROGRAM SOURCE POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
, 
LOAD ADDRESS 
OF SOURCE 
POINTER 
(HI 
WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRM THE CONTRL REGISTER 


:.* **.* •••• * •• ***.*.**.*. * * *.*••••**** ••• *********. * •• * •••• *.*.*.* 
; • * 
TRANSMIT 
DMA 


; 
ARGS 
AX 
BUFFER 
SIZE 
ES:SI 
BUFFER 
POINTER 


TRA 
DMA 
- 
INC 
MOV 
OUT 


PRDe 
NEAR 
AX 
DX,eNT 
DNAl 
OX,AX 
- 


BX,BX 
AX,ES 
AX,I 
BX,l 
AX,I 
SX,l 
AX,I 
BX,l 
AX,I 
BX,l 
AX,SI 
BX,O 
DX,SL 
OMAl 
OX, AX- 
AX,BX 
DX,SH 
DHAl 
OX, AX- 


CLEAR 
BX 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


ADD THE OFFSET 
TO BASE 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(LO WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(HI 
WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF DEST 
POINTER 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRAM THE 
CONTRL REGISTER 


AX,DATA 
44 
DX,OL 
OHAl 
DX,AX- 


AX,AX 
DX,DH 
OHAl 
OX, AX- 


DX,CTL 
DHAl 
AX,OOOI011010100110B 
DX,AX 


Figure A·4. Loading and Starting 
the 80186 DMA Controller 


5-41 


• 


1 •••••••••••••••••••••••••••• 
* * ••••••••••••••••••••••••• 
* ••••••••••• 


I 
80186 
INTERRUPT 
ROUTINE 


INT_186: 


PUSH 
PUSH 
MOV 
MOV 
OUT 


AX 
DX 
AX,NSPEC 
BIT 
DX,EOl 
INTR 
DX,AX 
- 


MOV 
AL,011000018 
OUT 
EOI_SINTR,AL 


IN 
AL,ST 
44 
AND 
AX,OFFH 


MaV 
OX, CTL 
DMA1 
IN 
AX,DX 
- 
OR 
AX, 01008 
AND 
AX,KOT 0108 
OUT 
DX,AX 


MOV 
CIlIlD]LAG, 
TRUE 


pop 
DX 
pop 
AX 
IRET 


MOV 
SP,OATA 
MOV 
OS,SP 
MOV 
ES,SP 
IIOV 
SP,STACK 
MOV 
SS,SP 
MOV 
SP, OFFSET 
TOS 


I 
SETUP 
INTERRUPT 
VECTORS 


PUSH 
ES 
XOR 
AX, 
AX 
HOV 
ES,AX 
MOV 
WORD PTR 
ES: IV 
INTRO 
+0, 
OFFSET 
INT _186 
HOV 
WORD PTR ES: IV-INTRO 
+2, 
CS 
POP 
ES 
- 


MOV 
AL,000100118 
, 
ICWI 
OUT 
EOI_SIlITR,AL 
IIUL 
AL 


MOV 
AL,lV_BASE 
, 
ICW2 
OUT 
MASlC_SINTR,AL 
IIUL 
AL 


MOV 
AL,OOOOOOO08 
, 
ICW4 
OUT 
MASK_SINTR,AL 
IIUL 
AL 


MOV 
AL,OPCH 
'MASK 
OUT 
MASIC_SIllTR,AL 


inter 


MOV 
AX,00000000001000008 
MOV 
OX, 
CTLO 
INTR 
OUT 
DX,AX- 


MOV 
DX, CTLl 
INTR 
IN 
AX,DX 
- 
OR 
AX,00000000001010008 
OUT 
DX,AX 


AX,OOOEOH 
OX, MASK 
IHTR 
DX,AX 
- 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
COMMAND 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD 
P'I'R 
CON_BUFFER 
OS 
OFFSET 
CON 
BUFFER 
CONF 
cOllMAiio 
SP,3*2 


CMP 
CMNO 
FLAG. 
TRUE 
JNE 
WAITl 
MOV 
CMND_FIAG, 
FALSE 


; ••• 
SEND 
DUMP 
coMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADO 


WORD 
PTR 
DUM 
BUFFER 
OS 
- 


OFFSET 
DUM 
BUFFER 
DUMP 
collllAiio 
SP,3.2 


CMP 
CMND 
FLAG, TRUE 
JNE 
WAIT2 
MOV 
CMND_FLAG,FALSE 


; ••• 
SEND 
TRANSMIT 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD 
PTR 
TRA 
BUFFER 
OS 
- 


OFFSET 
TRA 
BUFFER 
XKIT collllAiio 
SP,3*2 


CMP 
CKND 
FLAG, TRUE 
JNE 
WAITl 
MOV 
CMND_FLAG,FALSE 


; ••• 
SEND 
RECEIVE 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD 
P'I'R 
REC _BUFFER 
OS 
OFFSET 
REC 
BUFFER 
RECV 
collllAiio 
SP,3*2 


CMP 
CMND 
FLAG, TRUE 
JNE 
WAIT4 
Mov 
CMND_FLAG,FALSE 


inter 


ORG 
SJMP 
ORG 
JMP 
ORG 
JMP 


OOH 
INIT 
03H 
EINTO 
23H 
SIINT 


LOCATIONS 
00 
THRU 26H 
ARE USED 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR ADDRESS 
FOR EXT INTO. 


VECTOR ADDRESS 
FOR SERIAL 
INT 


ORG 
MOV 
MOV 
CLR 
SETB 
SJMP 


26H 
TCON, 'OOOOOOOlB 
IE, 
,00010001B 
Pl.l 


EA 
DOT 


EXT INTO: 
EDGE TRIGGER 
Sr-EXO-l 
CLEAR 
DRQ STATUS 
BIT 
ENABLE 
INTERRUPTS 
WAIT 
FOR AN INTERRUPT 


;***** ••••• 
**** •••• *EXTERNAL INTERRUPT 
0 *** ••• ***.* •• *** ••• ** 
EINTO: 
CLR 
Pl. 
5 
CLEAR 
THE E BIT 
MOV 
DPTR, 
'lOOH 
LOAD 
DATA 
POINTER 
WITH 
A 
DUMY 
NUMBER 
MOVX 
A,@DPTR 
READ THE COMMANDBYTE. 
ANL 
A, ,00001111B 
KEEP 
THE OPERATION 
FIELD 
HOV 
R2 , A 
SAVE 
COMMAND 


DECODE COMMANDAND JUMP 
TO THE APPROPRIATE 
ROUTINE 
COMMAND 
OPERATION 
(BITSO-3) 


ABORT 
OOH 
REC-DISABLE 
01H 
TRA-DISABLE 
02H 
RECEIVE 
03H 
TRANSMIT 
04H 
DUMP 
05H 
CONFIGURE 
06H 
NOP 
07H 


; 
IF 
INTO IS 
SET TO PRIORITY 
1, 
:THEN DNA OPERATION WAS IN 
PROGRESS. 
: 
EXECUTE ABORT REGARDLESS OF THE 
; COMMAND 
ISSUED. 
; 
EXECUTE 
ABORT 
: 
THIS 
LINE 
WILL 
BE EXECUTED 
IF 
ABORT WAS 
; ISSUED 
WHEN THE 8044 
IS 
NOT EXECUTING 
: ANY COMMANDS. 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
RETI 


A, 'OlH,J3 
CRDIS 
A, 'OB5H,J4 
CTDIS 
A,'03H,J5 
CREC 
A,'04H,J6 
CTRA 
A, '05H,J7 
CDUMP 
A, t06H,J8 
CCON 
A, '07H,J9 
CNOP 


inter 


, .. 
NOP COMMAND 


CHOP: 
CLR 
IEO 


RETI 
: *. 
ABORT COMMAND 


CABO: 
JNB 
PXO,CABOJl 
CLR 
PXO 
CLR 
Pl.l 


SETB 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PloD 
JB 
P3.2,$ 


pop 
ACC 
pop 
ACC 
MOV 
B, 'HIGH($+lO) 
MOV 
ACC, 'LOW($+7) 
PUSH 
ACC 
PUSH 
B 
CABOJ2: 
RETI 


CABOJl: 
NOP 
SETB 
Pl.S 


SETB 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PLO 
JB 
P3.2,$ 
RETI 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 
ANY INTERRUPT 
(COHMNAD) DURING 
EXECUTION 
OF 
AN 
OPERATION 
IS 
IGNORED 
RETURN 


WAS 
OMA 
IN 
PROGRESS? 
YES. 
EXT INTO: 
PRIORITY 
0 
CLEAR 
DKA REQUEST 


, 
UPDATE 
STATUS 
WITH 
; ABORT- 
DONE 
EVENT 
(STATUS-DOH: 
F;aO) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 


SET 
INT 
BIT 
AND INTERRUPT 
8018_ 
WAIT TILL 
INTERRUPT 
IS 
ACJQlOWLEDGED 
EXECUTE 
THE 
NEXT 
"RETI" 
TWICE 
POP 
OUT THE OLD HI 
BYTE PC 
POP 
OUT THE OLD LOW BYTE PC 
HI 
BYTE ADDRESS 
OF CABOJ2 
LOW BYTE ADDRESS 
OF CABOJ2 
, 
PUSH 
THE ADDRESS 
OF THE NEXT 
1 "RETI" 
INSTRUCTION 
INTO 
STACK 
RETURN 


, 
UPDATE 
STATUS 
WITH 
,ABORT-DONE 
EVENT 
(STATUS-FDH: 
E-l) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 


SET INT BIT AND INTERRUPT 8 a 18 6 
WAIT TILL 
INTERRUPT 
IS 
ACJQlOWLEDGED 
RETURN 


MOV 
DPTR, ,lOOH 
CLR 
IEO 
SETB 
PXO 


SETB 
JB 
MOVX 
MOV 
DEC 
JB 
MOVX 
MOV 
JB 
MOVX 
CJNE 
MOV 
INC 
DJNZ 
JMp 
JB 
MOVX 
CJNE 
MOV 
INC 
DJNZ 
JMP 
JB 
MOVX 
CJNE 
MOV 
INC 
DJNZ 
JMp 
JB 
MOVX 
CJNE 


Pl.l 
P3. 3, $ 
A,@DPTR 
RO,A 
RO 
P3.3,$ 
A,@DPTR 
Rl,A 
P3.3,$ 
A,@DPTR 
Rl, t01H,CCONJl 
STS,A 
Rl 
RO,CCONF4 
CCONTI 
P3. 3, CCONF4 
A,@DPTR 
Rl, '02H,CCONJ2 
SMO,A 
Rl 
RO,CCoNF5 
CCONTI 
PJ • J , CCONFS 
A,@DPTR 
Rl,'OJH,CCONJ3 
STAD,A 
Rl 
RO,CCONF6 
CCONTI 
P3 • 3 , CCONF6 
A,@OPTR 
Rl,'04H,CCONJ4 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 
PXO IS 
SET 
TO ACCEPT 
ABORT 
DURING 
DKA OPERATION. 
ENABLE 
DKA REQUEST 
WAIT 
FOR DKA ACK. 
READ FROM COMMAN/DATA REGISTER 
LOAD BYTE COUNT 
DECREMENT BYTE COUNT 
WAIT FOR DKA ACK. 
READ FROM COMMAND/DATA REGISTER 
LOAD FIRST-BYTE 
WAIT FOR DKA ACK. 
READ FROM COMMAND/DATA REGISTER 
CHECK THE FIRST-BYTE 
UPDATE 
THE STS 
REGISTER 
INC. 
POINTER 
TO THE CONF. 
BLOCK 
CHECK 
THE 
BYTE 
COUNT 
• 


inter 
AP-286 


MOV 
TBS,A 
INC 
R1 
DJNZ 
RO,CCONF7 
JMP 
CCONTl 
CCONF7: 
JB 
P3 • 3 , CeONF? 
MOV}( 
A,@DPTR 
CCONJ'4 
: 
CJNE 
Rl, '05H,CCONJ'S 
MOV 
TBL,,," 


INC 
R1 
DJNZ 
RO,CCONFB 
JMP 
CCONT1 
CCONF8: 
JB 
P3 • 3 , CCONFS 
MOV}( 
A,@DPTR 
CCONJ5: 
CJNE 
Rl,I06H,CCONJ6 
MOV 
RBS,A 
INC 
R1 
DJNZ 
RO,CCONF9 
JMP 
CCONT1 
CCONF9: 
JB 
P3 • 3, CCONF9 
MOVX 
A,@DP'I'R 
CCONJ6: 
CJNE 
Rl, ,07H,CCONJ1 
MOV 
RBL,A 
INC 
R1 
DJNZ 
RO,eeDNFA 
JMP 
CCONT1 
CCONFA: 
JB 
PJ. 3 , ceONFA 
MOV}( 
A,@DPTR 
CCONJ7: 
CJNE 
Rl, '08H,CCONJ8 
MOV 
IP,A 
INC 
R1 
DJNZ 
RO,CCONFB 
JMP 
CCONT1 
CCONFB: 
JB 
P3. 
3, 
CCONFB 
MOV}( 
A,@DPTR 
CCONJ8: 
CJNE 
Rl, '09H,CCONJ9 
MOV 
IE,A 
INC 
R1 
DJNZ 
RO,CCONFC 
JMP 
CCONT1 
231784-26 
CCONFC: 
JB 
P3. 3, CCONFC 
MOVX 
A,@DPTR 
CCONJ9: 
CJNE 
Rl,'OAH,CCONJA 
MOV 
THOO,A 
INC 
R1 
DJNZ 
RO,CCONFD 
JMP 
CCONT1 
CCONFD: 
JB 
P3 • 3 , CCONFD 
MOV}( 
A,@DPTR 
CCONJA: 
CJNE 
Rl, 'OBH,CCONJB 
MOV 
TeCN,A 
INC 
R1 
DJNZ 
RO,CCONFE 
JMP 
CCONT1 
CCONFE: 
JB 
P3 • 3 , CCONFE 
MOV}( 
A,@DPTR 
CCONJB: 
CJNE 
Rl, 
,OCH, ERRORl 
MOV 
PSW,A 
INC 
R1 
DJNZ 
RO,ERRORl 
JMP 
CCONT1 


ERROR1: 
NOP 
I LLEGAL 
BYTE 
COUNT 
SETB 
Pl.5 
SET 
THE 
E 
STATUS 
BIT 


CCONT1: 
NOP 
CLR 
Pl.1 
CLEAR 
DNA 
REQUEST 
CLR 
PXO 
EXT 
INTO: 
PRIORITY 
0 


SETB 
Pl.2 
1 UPDATE STATUS WITH 
CLR 
Pl.3 
: CONFIGURE-DONE 
EVENT 
CLR 
Pl.4 
(STATUS-C5H 
IF 
E-O) 


CLR 
IEO 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
CLR 
PLO 
SETB 
PLO 
INTERRUPT 
THE 
80186 
JB 
P3.2,$ 
WAIT 
TILL 
INTERRUPT 
IS 
ACIQIOWLEOGED 
RETI 
RETURN 
231784-27 


Figure A-10. Execution 
of CONFIGURE 
Command 
(Continued) 


; 
•• 
DUMP 
COMMAND 


CDUMP: 
MOV 
A,STS 
MOVX 
@DPTR,A 
CLR 
IEO 
SETB 
PXO 
SETB 
Pl.1 
JB 
PJ.J,$ 
MOV 
A,SMD 
MOVX 
@DPl'R,A 
JB 
PJ.J,$ 
MOV 
A,STAD 
MOVX 
@OPrR,A 
JB 
PJ.J,$ 
MOV 
A,TBS 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,TBL 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,TCB 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,RBS 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,RBL 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,ReD 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,RFL 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,PSW 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,IP 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,IE 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A,TMOD 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
MOV 
A, TCON 
MOVX 
@DPTR,A 
JB 
PJ.J,$ 
CLR 
Pl.1 
CLR 
PXO 


SETB 
Pl.2 
SETB 
Pl.J 


CLR 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
PLO 
JB 
PJ.2,$ 
RETI 


LOAD 
THE 
FIRST 
DUMP 
REG 
INTO 
ACC 
WRITE 
TO 
THE 
COIlMAllD/DATA 
REGISTER 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
INTRERRUPT 
0: 
PRIORITY 
1 
ENABLE 
DNA 
REQUEST 
WAIT 
FOR 
DNA 
ACK 


; 
UPDATE 
STATUS 
WITH 
; DUMP-DONE 
EVENT 
(STATUS-CDH) 


IGNORE 
PENDING 
EXT 
INTO 


INTERRUPT 
THE 
80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 
• 


: ** RECEIVE 
COMMANO. 
CREC: 
JNB 
RBE,CRECJl 
SETB 
Pl.5 
CRECJ 1: 
SETB 
RBE 
CLR 
RBP 
CLR 
IEO 
RETI 


: ** TRANSMIT COMMAND. 
CTRA: 
MOV 
Rl,TBS 
CLR 
IEO 
SETB 
PXO 
SETB 
P1.1 
JB 
P3.3,$ 
MOVX 
A,@DPTR 
MOV 
RO,A 
DEC 
A 
DEC 
A 
MOV 
TBL,A 
CTRAJ2: 
JB 
P3. 3, CTRAJ2 
MOVX 
A, @OPTR 
MOV 
STAD,A 
DEC 
RO 
CTRAJ3: 
JB 
P3.3,CTRAJJ 
NOVX 
A,@OPTR 
MOV 
TeB,A 
DJHZ 
RO, CTRAJ4 
SJMP 
CTRAJS 
CTRAJ4: 
JB 
P3.3,CTRAJ4 
MOVX 
A,@DPTR 
MOV 
@R1,A 
INC 
R1 
DJNZ 
RO,CTRAJ4 


CLR 
CLR 
SETB 
SETB 
CLR 
RETI 


Pl.1 
PXO 
TBF 
RTS 
IEO 


IS 
SIU 
ALREADY IN 
RECEIVE 
MODE? 
YES. 
SET 
THE E BIT 
NO. 
ENABLE RECEPTION 
CLEAR RECEIVE 
BUFFER 
PROTECT 
BIT 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
RETURN. 
UPDATE STATUS 
IN 
THE 
SIU 
INTERRUPT 
ROUTINE. 


LOAD TRANSMIT 
BUFFER 
START 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIROITY 
1 
ENABLE 
DNA REQUEST 
WAIT 
FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE BYTE COUNT 
: 
SUBTRACT 
2 
FROM THE BYTE 
; COUNT AND LOAD INTO 
XMIT 
LOAD BUFFER 
LENGTH 
WAIT 
FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD DESTINATION 
ADDRESS 
DECREMENT THE BYTE COUNT 
WAIT FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE TRANSMIT 
CONTROL BYTE 
IS 
THERE 
ANY INFO. 
BYTE? 
NO. 
YES. 
WAIT 
FOR DNA ACK. 
READ FROM COMMAND/DATA REG. 
MOVE DATA TO THE TRANSMIT 
BUFFER 
INC. 
POINTER 
TO BUFFER 
LAST 
BYTE FETCHED 
INTO 
THE BUFFER? 
NO. 
FETCH 
THE NEXT BYTE 
YES. 
DISABLE 
DNA REQUEST 
EXT INTO: 
PRIORITY 
0 
SET 
TRANSMIT 
BUFFER 
FULL 
ENABLE TRANSMISSION 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
; 
RETURN. 
UPDATE STATUS 
IN 
THE 
:SIU 
INTERRUPT ROUTINE 


JB 
SETB 
CLR 
CLR 
RETI 


TBF,CTDIJl 
Pl.5 
TBF 
IEO 


IS 
TRANSMIT 
BUFFER 
ALREADY EMPTY? 
YES, 
SET THE E BIT 
NO. 
CLEAR TRANSMIT 
BUFFER 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
; 
RETURN. 
UPATE 
STATUS 
IN 
THE 
; SIU 
INTERRUPT 
ROUTINE. 


IS 
RECEIVE 
BUFFER 
ALREADY EMPTY? 
YES. 
SET 
THE E BIT 
NO. 
CLEAR RECEIVE 
BUFFER 


: 
UPDATE STATUS WITH 
;RECEPTION-DISABLED 
EVENT 
; 
(STATUS-DS 
IF 
E-O) 


; 
INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


CRDIS: 
JB 
RBE,CRDIJ1 
SETB 
Pl.5 
CRDIJ1: 
CLR 
RBE 


SETB 
Pl.2 
CLR 
Pl.3 
SETB 
Pl.4 


CLR 
CLR 
SETB 
JB 
RETI 


IEO 
PLO 
PLO 
PJ.2,$ 


inter 
AP-286 


CLR 
KOV 
CJNE 
JMP 
CJNE 
JMP 
JMP 


SI 
A,R2 
A, t03H, SINTJl 
SIREC 
A, f02H,SINTJ2 
SITDIS 
SITRA 


CLR 
PI. 
2 
SETB 
PI. 
3 
SETB 
PI. 
4 


CLR 
CLR 
SETB 
JB 
RETI 


IEO 
PI. 0 
PI. 0 
P3.2,$ 


CLR 
P1.2 
SETB 
PI. 
3 
SETB 
PI. 
4 


CLR 
IEO 
CLR 
PI. 
0 
SETB 
PI. 
0 
JB 
PJ.2,$ 
RETI 
; .* A FRAME IS 
RECEIVED 


JB 
JNB 
SETB 
KOV 
MOV 
CLR 
SETB 


RBE,SINTJ3 
BOV,SINTJ4 
PI. 5 


RO,RFL 
Rl,RBS 
IEO 
PXO 


LOAD THE OPERATION 
FIELD 
RECEIVE 
COMMAND 
PENDING? 
YES. 
TRANSMIT-DISCONNECT 
PENDING? 
YES. 
TRANSMIT 
COMMANDIS 
PENDING 


REQUEST 
TO SEND ENABLED? 
YES. 
TRANSMISSION 
DISABLED? 
YES. 
, 
UPDATE 
STATUS 
WITH 
,TRANSMISSION-DISABLED 
EVENT 
(STATUS-DSH) 


IGNORE 
PENDING 
EXT INTO 


INTERRUPT 
THE 
80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 


; 
A FRAME TRANSMITTED? 
, 
YES. 
, 
UPDATE 
STATUS 
WITH 
,TRANSMIT-DONE 
EVENT 
, 
(STATUS-eS). 


RECEIVE 
BUFFER FULL? 
YES. 
BUPFER 
OVERRUN? 
YES. 
SET 
THE E BIT 
LOAD RO WITH RECEIVE 
BYTE COUNT 
LOAD R1 
WITH RECEIVE 
BUFFER 
ADDRESS 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 


MOVE FIRST 
BYTE INTO 
ACC. 
WRITE 
TO THE COMMAND/DATA REG 
ENABLE 
DNA REQUEST 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT 
FOR DNA ACK. 
LAST 
BYTE MOVED? 
YES 


LOAD RECEIVED 
DATA INTO 
ACC. 
WRITE 
TO THE COMMAND/DATA REG. 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT 
TILL 
DNA ACK 
LAST 
BYTE MOVED TO COMMAND/DATA REG? 
NO. 
DEPOS IT 
THE NEXT BYTE 
LOAD BYTE COUNT 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DNA ACK. 
LOAD STATION 
ADDRESS 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DNA ACK. 
LOAD RECEIVE 
CONTROL BYTE 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DNA ACK. 
CLEAR 
DNA REQUEST 
EXTERNAL 
INTERRUPT: 
PRIORITY 
0 


MOV 
MOVX 
SETB 
INC 
JB 
DJNZ 
SJMP 


A,@R1 
@DPTR,A 
PI. 1 
R1 
PJ.3,$ 
RO,CINTJ7 
CINTJ8 


MOV 
MOVX 
INC 
JB 
DJNZ 


A,@Rl 
@DPTR,A 
R1 
P3.3, 
$ 
RO,CINTJ1 


MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
CLR 
CLR 


A,RFL 
@DPTR,A 
P3.3,$ 
A,STAD 
@DPTR,A 
PJ.3,$ 
A,Res 
@OPTR,A 
P3.3,$ 
PI. 1 
PXO 


CLR 
CLR 
SETS 
CLR 
CLR 
SETS 
JS 
RETI 


P1.2 
P1.3 
P1.4 
IEO 
PLO 
PLO 
P3.2.$ 


, 
UPDATE STATUS WITH 
,RECEIVE-DONE 
EVENT 


I 
(STATUS-D1H 
IF 
E-O) 
I 
IGNORE PENDING EXT INTO 


INTERRUPT 
THE 80186 
, 
WAIT TILL 
INTERRUPT 
IS 
ACIQIOWLEDGED 
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intJ 


When using the DMA controller of the 80186 and 
80188, there are several operating conditions which af- 
fect the service time (latency) between when the DMA 
request is generated and when the bus cycles associated 
to the DMA transfer are actually run. This application 
brief describes those conditions which affect DMA La- 
tency. 


The minimum DMA latency is 4 clocks and, depending 
on when the signal arrives (i.e. if the signal just missed 
the setup time), it might appear to be almost 5 clocks. 
This 4 to 5 clock delay is due to a two phase synchroni- 
zer and various transfer gate delays the DRQ signal 
must take before reaching the BIU. Conceptually the 
circuit looks like Figure I. 


If the Bus Interface Unit (BIU) is available when the 
DRQ signal reaches it, then a DMA cycle will proceed 
at Tl of the bus cycle as the next clock. 


Also note that the DRQ signal is not latched, and must 
remain active until serviced. If the DRQ signal is 
brought low after being asserted high, then a '0' will 
propagate through and; if the request had not yet been 
serviced, then the BIU will see a '0' and the cycle will 
never take place. 


The circumstances that affect DMA latency in order of 
worst case are as follows: 


1) HOLD 
2) LOCK - INTA 
3) Odd byte accesses 
4) Effective Address Calculations (EA) 


HOLD can indefinitely delay a DMA cycle. There is no 
mechanism internally to remove HLDA when a DMA 
request is pending. 


LOCKed instructions can also delay a DMA cycle by a 
significant amount, depending on the type of instruc- 
tion locked. A typical locked XCHG instruction from 
memory to register could delay the DMA cycle by as 
much as 18 clocks if the memory access required two 
bus cycles (80188 or odd locations on the 80186). On 
the other hand, a locked repeat MaYS could delay a 
DMA cycle by up to 1.05 million clocks depending on 
the number of transfers and the number of bus cycles 
per transfers. 


Interrupt acknowledges can also affect DMA latency 
because the bus is locked out during the first two bus 
cycles required to fetch the interrupt vector type. This 
causes the worst case latency during interrupt acknowl- 
edges to be: 


4 
Clocks(MinimumSetup) 
10 
Clocks(2 BusCycles + 2 IdleClocks) Min 


14 
ClocksTotal 


Both HOLD and LOCK are extremely dependen~ on 
the type of system being designed and therefore are not 
really considered to be normal 
worst case latency. 


However, odd byte accesses and effective address calcu- 
lations are conditions that frequently occur in almost 
all systems. Under these conditions of no HOLD, no 
LOCK, and no wait states, the worst case occurs when 
the DMA request loses to an instruction data cycle re- 
quiring an effective address calculation . 


Effective addresses (EA) always require 4 clocks for 
calculation 
and 
can 
only 
take 
place 
during 
T3-T4-TI-TI, T4-TI-TI-TI, 
or TI-TI-TI-T!. 
This cre- 
ates an extra minimum insertion of 2 T-idle cycles. If 
the EA requires an immediate value in the prefetch 
queue, then a signal goes active which places the EA 
bus cycle at a higher priority than any other BIU re- 
quests. This is so the execution unit won't be waiting on 
the bus interface unit. If the EA hadn't required the 
value in the queue, then the EU could proceed with the 
next instruction shortly after it had sent the request to 
the BIU. Figure 2 shows the effects EA calculations 
have on DMA Latency. 
::~"" 
. 
L- 
two phase synchronizer 
to sample asynchronous signals 


• 


intJ 


Address 


FA058 
FA059 
FA05A 


Fetch of 
{ 
lost byte 
necessary 
for the XCHG 
Instruction. 


269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
18 
279 
CLOCKS280 
1 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 


Code 


90 
90 
2E87060100 


AID 


FA05E 
OA05E 
OAOOO 
OAOOO 
FA05F 
OA05F 
OAOBE 
OAOBE 
OAOBE 
OAOBE 
FA01l 
OA011 
OA001 
OA001 
FA012 
OA012 
OA001 
OA001 
F800C 
1800C 
180rr 
180rr 


STATUS 


1100 
ALE 
0100 
FETCH 
0111 
PASSIVE 
0111 
PASSIVE 
1100 
ALE 
0100 
FETCH 
0111 
PASSIVE 
0111 
PASSIVE 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 


NOP 
NOP 
XCHG 
AX, CS:WORD 
PTR 
0001 


T1 11 ------LreCOgnlZed 
on edge 
T2 11 
T3 11 
DROactive 
T4 11 
T1 11-.. 
T2 11 
'--DRO 
presented to BIU 
T3 11-L 
(too late to stop fetch) 


T4 11 
T3 11 
EA calculation 
~ii 1 
F~tCh or memory read cycle for 


T1 11 
the XCHGInstruction. 


T2 11 
T311 
T4 11 
11 --ot.lA 
cycle begins 
11 
11 
11 
270525-2 
• If an immediate value had not been used, the EA would have been aborted and the DMA would have begun its bus 


cycle. In this case, the latency would be 8 clocks. 
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There has been some confusion in the past regarding 
the correct input for EFI (External Frequency Input) 
use and what parameters should be used for crystal 
selection. This Application Brief discusses the trade- 
offs with each input so that one can decide which input 
suits his design and also lists the parameters for crystal 
selection. 


The oscillator circuit on the 186/188 is as shown in 
Figure I (simplified). Either input may be used for an 
EFI signal. Using XI requires very little drive from an 
external oscillator since it is essentially the gate of an 
NMOS transistor. 
Clock operation works fine using 
this input, but at higher frequencies the stray capaci- 
tance on X2 begins to change the duty cycle of the 
clock. This will eventually cause the part to fail. 


NOTE: 
Driving X2 does not allow compatibility with future 
CMOSdesigns. 


Using X2 as an EFI gives a broader frequency range 
but places a more stringent requirement on the drive 


capability of the external oscillator. Since XI is an in- 
put, it may be grounded to minimize the capacitance. 
This in turn allows for a higher frequency range since 
the duty cycle remains closer to 50%. But with XI 
grounded, the output of the inverter (which is directly 
connected to X2) is always trying to output a high. This 
means the oscillator driving X2 must be capable of 
sinking up to 15 mA at cold temperatures when trying 
to drive it low. If the external oscillator is capable of 
supplying 15 mA, then this method is preferred. Other- 
wise, XI should be used as an EFI. 


Caution: using X2 for EFI does not allow for CMOS 
compatibility at a future date. 


The oscillator circuit is a single stage amplifier connect- 
ed as a Pierce oscillator. There are no passive compo- 
nents in the oscillator circuit, only a unique combina- 
tion of depletion and enhancement mode FET's. Char- 
acterization of the oscillator circuit showed that opera- 
tion was optimum with crystal parameters as follows: 
ESR 
30 ohms maximum 
(Equivalent Series Resistance) 
Co (Shunt Capacitance) 
CI (Load Capacity) 
Drive Level 


7.0 pfmax. 
20 pf ±2 pf 
I mWmax. 


Standard Crystal Corporation 
9940 East Baldwin Place 
EI Monte, CA 91731 
(213) 443-2121 
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inter 


The 80CI86 and 8OCl88 incorporate a special control 
unit that integrates address and clock counters which, 
along with the Bus Interface Unit (BIU), facilitates dy- 
namic memory refreshing. Refreshing is an operation 
required by dynamic memory to ensure data retention. 


Dynamic memory refreshing can be controlled using 
anything from an exotic memory controller to a simple 
timer along with a DMA controller. In fact, the 80186 
device accomplishes the task memory refreshing by us- 
ing one of the internal timer/counters 
and a DMA 
channel. However, doing this meant that desirable in- 
ternal functions were no longer available to do more 
useful work. 


Dynamic memory, unlike static or non-volatile memo- 
ry, always require some form of a memory controller to 
enable read and write operations. Therefore, even the 
most basic dynamic memory interface has a minimum 
set of support logic. The advent of programmable logic 
and highly integrated dynamic memory has made the 
job 
of 
designing 
a 
memory 
controller 
somewhat 
straightforward. However, directly supporting memory 
refresh can still complicate many controller designs. 


The designer of a memory controller must take into 
account CPU-versus-refresh arbitration and must pro- 
vide a mechanism to generate periodic refresh requests. 
Most dynamic memory devices now contain internal 


R 
CONTROL 


CLOCK 
ROW 
CLOCK 
GENERATORS 
COLUt.4N 
CLOCK 


refresh address counters which eliminate the need for 
external refresh address generation. However, such de- 
vices tend to complicate a memory controller design. 
The 8OCl86 simplifies dynamic memory controller de- 
sign by integrating a refresh mechanism into the opera- 
tion of the CPU. 


This application brief is not intended to be a discussion 
of dynamic memory controller design. Instead, it will 
concentrate on the operation of the Refresh Control 
Unit of the 8OC186, and how it can help simplify a 
memory controller. 


The discussions on the following pages apply to BOTH 
the 8OCl86 and 8OCl88 except where noted. 


UNDERSTANDING 
DYNAMIC 
MEMORY 


Before explaining how memory refreshing is accom- 
plished, some understanding 
of a Dynamic Random 
Access Memory (DRAM) device is needed. Figure I 
shows a simplified block diagram of a DRAM device, 
while a block diagram of a typical dynamic memory 
controller is shown in Figure 2. 


R 
D 
R 
D 
o 
E 
o 
E 
Wc 
t.4Et.40RY 
Wc 
t.4Et.40RY 
R/W 
0 
ARRAY 
0 
ARRAY 
CONTROL 
D 
D 
E 
E 
R 
R 


SENSE 
At.4PS 
SENSE 
At.4PS 
IN/OUT 
DOUT 
BUffERS 


COLUt.4N 
DECODER 
COLUt.4N DECODER 
DIN 


SENSE 
At.4PS 
SENSE 
At.4PS 
SHIFT 
REGISTER 


R 
D 
R 
D 
o E 
o E 
Wc 
t.4Et.40RY 
Wc 
t.4Et.40RY 
0 
ARRAY 
0 
ARRAY 
D 
D 
E 
E 
R 
R 
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t.4EI,IORY CHIP 
SELECT 


READ 


WRITE 
t.4Et.40RY 
All 
CONTROLLER 


BHE 


CLKOUT 


256KX4 
DRAt.4S 


RAS 


CAS 
WE 
6E 


256KX4 
DRAt.4S 


RAS 


CAS 
WE 
6E 


00-7 


The typical DRAM memory array is built as a matrix. 
Any bit or cell in the memory array is accessed by 
specifying a unique row and column address. As shown 
in Figure I, the row and column addresses are multi- 
plexed through one set of address inputs. Multiplexing 
the address inputs helps reduce the number of pins re- 
quired to support large memory arrays. For instance, 
adding only one address bit will result in a memory 
array 4 times as large. 


Two control lines, RAS and CAS, are used to strobe an 
address into the memory chip. Figure 3 illustrates a 


timing diagram for a typical memory read access and 
the relationship between the RAS and CAS signals. 
The signal MUX controls which half of the address is 
presented to the memory devices. After generating the 
row address strobe (RAS), the decoder selects a row of 5 
memory cells whose data value will be detected by a 
Sense Amplifier. The Sense Amplifier then presents the 
data to the column decoder. Note that all cells associat- 
ed to a row get accessed. The fact that all cells within a 
row are accessed will be used later to explain why only 
the RAS portion of the memory address is required to 
refresh a device. 


tRS = RowAddress Setup to FjjIi$ 
.t. 


tRH= RowAddress HoldfromFjjIi$ 
.t. 


tes = ColumnAddress Setup to CAS .t. 
teH = ColumnAddress HoldfromFjjIi$ 
.t. 


tRACC= FjjIi$ Access Time 
teACC= CASAccess Time 
toEACC= OE Access Time 


Figure 3. DRAM Signal Timings 
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When the column address is strobed, it is here that only 
one of the memory cells is selected. The memory cell 
will either be written to or read from depending on the 
the control signals WE and OE respectively. Since data 
from one entire row is presented to the column decod- 
er, it is possible (on some devices) to simply cycle 
through column addresses to access additional data. 
The basic idea, however, is that two sets of addresses 
are required to access a memory cell within a memory 
array. Furthermore, specifying a single row address in- 
ternally accesses all memory cells within that row. 


The minimum memory controller interface consists of a 
sequencer and an address multiplexer. The sequencer is 
responsible for generatin~e 
correct control signals: 
RAS; CAS; MUX; WE; OE. The address multiplexer 
logic is responsible for translating the processor address 
bus to the memory address bus. These two pieces of 
logic can exist in any form, from simple TTL gates to 
single chip solutions. However, what is missing from 
the simplified memory controller is a mechanism to 
perform memory refresh. 


UNDERSTANDING 
MEMORY 
REFRESH 


As indicated earlier, dynamic memory needs to be re- 
freshed in order to maintain its data. Refreshing is ac- 
complished whenever a memory cell is accessed. It is 
not necessary to read a memory location and then write 
the value back in order to refresh a memory cell. Sim- 
ply cycling through a complete set of row addresses is 
all that is required. Remember, since a row accesses all 
memory cells associated to it, accessing all rows will 
access all the cells within the device. 


Referring back to Figure 2, the 9 address bits presented 
to the memory devices are multiplexed from the 18 bits 
of address generated by the 8OC186.In the design, ad- 
dress bits AI-A9 are presented during RAS, while ad- 
dress bits AIO-AI8 are presented during CAS. Note 
that address bit AO is not used because the memory 
array is organized as word wide; AO along with BHE 
are used to select one or both of the bytes within a 
word. 


Cycling through row addresses is the only requirement 
needed to refresh a DRAM device. Using the example 
in Figure 2, 9 bits of address are needed. Nine bits 
represent 512 unique addresses, and the only require- 
ment is that each unique address be regenerated every 


8 ms (maximum refresh rate for most devices with 512 
rows). An 8 ms refresh interval divided by 512 address- 
es results in an average refresh cycle rate of 15.625 mi- 
croseconds. Therefore, every 15.625 microseconds 
a 
mechanism must exist that will access the DRAM de- 
vice, each time presenting a new row address. Any rate 
faster than 15.625 microseconds is acceptable, but sig- 
nificantly faster times have the potential of decreasing 
memory performance. 


WAYS TO REFRESH 
A MEMORY 
DEVICE 


For most dynamic memory devices, there are several 
ways in which a refresh cycle can be run. The frrst and 
simplest way is to generate memory read cycles every 
15.6 microseconds. 
Each 
new memory 
read 
cycle 
would generate a unique address. When refreshing is 
accomplished using memory read cycles, the memory 
controller is simplified. Only the basic control signals 
need to be generated, which are the minimum needed to 
access the memory anyway. Simplicity is, however, ac- 
companied 
by one drawback; 
bus overhead. 
Using 
memory reads to perform DRAM 
refreshing means 
that one bus cycle every 15.6 microseconds is wasted. 
When operating at very slow speeds, a wasted bus cycle 
might appear to be significant. But if a bus cycle takes 
only, say, 320 nanoseconds to complete, running a re- 
fresh cycle every 15.6 microseconds represents a two 
percent hit in bus performance. 


A second method relies on the fact that most dynamic 
memory devices now have built in refresh address 
mechanisms. DRAM refreshing can be accomplished 
by generating CAS before RAS signaling (see Figure 
4a). This method requires that an external signal gener- 
ate a periodic request to the DRAM controller to initi- 
ate the refresh cycle. A method similar to CAS before 
RAS refreshing is hidden refresh. Figure 4c illustrates 
the timing involved to perform hidden refresh. No re- 
quest logic is needed, since the memory access itself is 
what initiates the refresh cycle. However, constant 
memory accessing is required in order to maintain re- 
freshing. Once accessing stops, refreshing stops. Both of 
the methods described have the advantage of not con- 
suming bus bandwidth, but require the memory con- 
troller to handle the somewhat different (from normal 
memory accessing) signaling requirements. 


=:x 
ADDRESS 
(DON'T 
CARE)<D x::: 


OE ~ WE ~ VOH 
Figure 4a. CAS before 
RAS Refresh 
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NOTES: 
1. Refresh address providedinternalto memorydevice. 
2. Refresh address presented external to memorydevice. 
3. Refresh address generated internally,and cycle does not effect memoryaccess in progress (i.e. hidden). 


A final method is to implement a discrete design that 
supports refresh control and refresh address generation. 
The circuit details are shown in Figure 4b. A discrete 
design allows the most design flexibility and can be tai- 
lored to meet any system-to-memory interfacing re- 
quirements. 


There are other methods available, most of which in- 
volve single-chip dedicated memory controllers. How- 
ever, any memory controller design that performs the 
function of refreshing either directly or through exter- 
nal support circuitry has one major concern; arbitration 
between the refresh cycle and a nonnal memory access. 
The best way to make the operation of the DRAM 
memory controller a true slave to the operation of the 


CPU is to include refreshing as part of the functionality 
of the CPU. By offioading the task of memory refresh- 
ing onto the CPU, the memory controller can be sim- 
plified and dedicated to the duty of DRAM interfacing. 


The idea that the 8OCl86 refresh cycle is simply a 
memory read means that the dynamic memory control 
logic does not need to differentiate between refresh cy- 
cles and normal memory read cycles. This simplifies 
the design of the memory controller. There are no 
special signaling requirements needed, and RAS only 
refreshing (for low-power designs) can be easily accom- 
modated. Further, since the request is generated inter- 
nally and synchronous with the operation of the BIU, 
no special external logic needs to detect when a refresh 
cycle conflicts with a CPU access. 
•• 
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80C186 
REFRESH 
CONTROL 
FEATURES 


The Refresh Control Unit (RCV) of the 8OCl86 con- 
sists of a 9-bit address counter, a 9-bit down counter, 
and support logic. The block diagram can be seen in 
Figure 5. 


The 9-bit address counter is controlled by the BIU and 
used whenever a refresh bus cycle is executed. Thus, 
any dynamic memory device whose refresh address re- 
quirement does not exceednine bits can be directly sup- 
ported by the 8OC186.A special register has been de- 
fmed to allow the base (starting) address of the refresh 
memory region to be specified.This base address can be 
located on any 4 kilobyte boundary. Furthermore, if 
this refresh base address overlaps any of the defmed 
chip select regions, the chip select defined for that re- 
gion will go active. 


The 9-bit down counter initiates a refresh request. 
When the counter decrements to I (it decrements every 
clock cycle), a refresh request is presented to the BIU. 
When the bus is free, the BIU will run the refresh 
(memory) bus cycle. Note that since a refresh bus cycle 
is executed by the BIU, the faster refresh cycles are 
requested the greater the impact on bus performance. 
Referring back to the discussion of request rates, the 
maximum refresh period is typically 15.6microseconds. 
With the 8OCl86 operating at 12.5 MHz, this repre- 
sents a refresh bus impact of only 2%. However, at 5 
microseconds the bus impact is 15%. Therefore, the 
refresh request rate should be tailored to meet the needs 
of the dynamic memory and the system. The 8OCl86 
provides flexibility by allowing the request rate to be 
programmable in 80 ns steps (at 12.5 MHz). 


To facilitate low power designs, the refresh bus cycle 
provides a mechanism whereby the dynamic memory 


devices can be turned off during refresh accesses. Low 
power control is accomplished~riving 
both address 
bit AOand the control signal BHE to a high level. Es- 
sentially an invalid bus accesscondition exists, sinceAO 
and BHE are used to indicate which half of the data 
bus is being accessed. When both are high during the 
access, the indication is that neither half of the bus is 
being used for the data transfer. This is acceptable for 
refresh bus cycles since no data is actually being trans- 
ferred. If the memory controller takes advantage of this 
condition, the output enables of the dynamic memory 
devices (as well as the CAS strobe) can be disabled 
during refresh bus cycles, providing overall lower pow- 
er consumption. 


PROGRAMMING 
CHARACTERISTICS 
OF THE REFRESH 
CONTROL 
UNIT 


A block of control 
registers are defmed in the 
Peripheral Control Block (PCB) that define the operat- 
ing characteristics of the refresh control unit (refer to 
Figure 5). These registers are only accessiblewhen the 
8OCl86 is operating in enhanced mode. When in com- 
patibility mode, the 8OCl86 will ignore any reads or 
writes to the RCU registers. 


The three registers associated with the refresh unit 
(MDRAM, CDRAM, EDRAM) provide the following 
features: 
I) Enable/disable refresh unit 
2) Establish a refresh request rate 
3) Establish a refresh memory region 
4) Examine the refresh down counter 


It is not necessaryto program any of these registers in a 
specificsequence, although the refresh request rate and 
refresh base address registers should be programmed 
before the refresh unit is enabled. 
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Programming 
the Memory Partition 
Register 


The MDRAM 
register 
(Figure 
6) is used to define ad- 
dress 
bits A13 
through 
Al9 
of the 20 bit refresh 
ad- 
dress. 
This 
essentially 
establishes 
a memory 
region 
which 
will be accessed 
during 
refresh 
bus cycles. Typi- 
cally, 
the 
refresh 
memory 
region 
will overlap 
a chip 
select that is used to access the dynamic 
memory. 
Over- 
lapping 
the refresh 
memory 
region 
with 
a chip 
select 
memory 
region, means no additional 
external 
hardware 
is needed 
to support 
refresh bus cycles since it essential- 
ly operates 
the same as memory 
read cycles. When 
the 
8OCl86 
is reset, 
the MDRAM 
register 
is initialized 
to 
zero. 


Bit 
15 
14 
13 
12 
11 
10 
9 
8 


MDRAM:I M6 
M5 
M4 
M3 
M2 
M1 
MO 
0 


Figure 
7 illustrates 
how the refresh 
address 
is generat- 
ed. Address 
bits AID-Al2 
are not programmable 
and 
are always 
driven 
to a zero during 
a refresh 
bus cycle. 
Address 
bits A 1 through 
A9 are derived 
by a 9-bit lin- 
ear-feedback 
shift counter. 
The address 
counter 
is not 
ascending 
or contiguous, 
meaning 
that the counter 
does 
not 
start 
at 0 and 
increment 
to 511 before 
resetting 
back to O. For refreshing 
purposes, 
it is not important 
that 
the address 
be contiguous 
and count 
up or down. 
Rather, 
the only requirement 
is that all combinations 
of 
the 
512 addresses 
be cycled 
through 
before 
being 
re- 
peated. 
Equation 
1 provides 
the state 
definition 
of the 
9-bit refresh 
address 
counter 
and can be used to deter- 
mine the exact 
counting 
sequence. 
Figure 
8 illustrates 
the gate logic used to create 
such a counter. 


7 
6 
5 
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000 
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bits 0-8: 
Reserved, 
should be written as a 0 to maintain future compatibility, will be read back as O. 
bits 9-15: 
MO-M6, are used to define address 
bits A13-A19 
(respectively) of the 20-bit memory refresh address. 
These 
bits are set to 0 on RESET. 


Address 
Bit 
19 
18 
17 
16 
15 
14 
13 
12 
11 
Physical Refresh I M6 
M5 
M3 
Address. 
M4 
M2 
M1 
MO 
0 
0 


10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
o 
CA6 CA7 CA6 CAS CM CA3 CA2 CAl CAO 


Bit 0: Always driven to a 1 (Logic High). This is true for both the 80C186/80C188. 
Bits 1-9: CAO-CA6. are generated 
by the 9-bit Linear-Feedback 
shift counter. 


Bits 10-12: 
Always driven to a 0 (Logic Low). 
Bits 13-19: 
MO-M6, are defined by the MDRAM Register. 


Figure 7. Physical Refresh Address Generation 


CAO - 
CAl 
CAl - 
CA2 
CA2 - 
CA3 
CA3 - 
CA4 
CA4 - 
CAS 
CAS - 
CA6 
CA6 - 
If(CA1-CA6 = 111111B), 
then CA6 = Inverted CAO 
else CA6 = «CAO.XOR. CA1).XNOR. (CA2.XOR. CA3)) 
CA7,CA6 - 
If(CAO- CA6 = 0111111B) 
then CA7,CA6 = CA7,CA6 + 1 
else CA7,CA6 = CA7.CA6 
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Bit 
15 
14 
13 
12 
11 


CORAM: I 0 
0 
0 
0 
0 


6 
5 
4 
3 
2 
1 


Ce 
Cs 
C4 C3 C2 Cl 


Bits0-8: 
Co-Ca. define the number of ClKOUTcycles between each Refresh Request 
o = 512,1 = 1,2 = 2, ... These bits are set to 0 on RESET. 


Bits9-15: 
Reserved, should be writtenas 0 to maintainfuture compatibility,willalways be read back as O. 


There are no limitations placed on the programming of 
the MORAM register, but be aware that any chip se- 
lect memory region that overlaps the address estab- 
lished by the MORAM register will be activated during 
refresh bus cycles. Therefore, the register should be 
programmed to correspond to the chip select address 
that is activated for the dynamic memory partition. 


Programming 
the Refresh Clock 
Register 


The CORAM register (Figure 9) is used to define the 
rate at which refresh requests will be internally generat- 
ed. The CORAM register is used to maintain the start- 


ing value of a down counter, which decrements each 
falling edge of CLKOUT. 
When the counter decre- 
ments to I, a refresh request is generated and the coun- 
ter is again loaded with the value contained in the 
CORAM 
register. Initially, however, the contents of 
the CORAM register is loaded into the down counter 
when the enable bit in the EORAM register set. Thus, 
if the CORAM register is changed, the new value will 
take effect when either the down counter reaches 1 and 
reloads itself, or whenever the E bit is written to a I 
(this is true whether the bit was previously set or not). 
When the 80CI86 is reset, the CORAM register is ini- 
tialized to zero. A value of zero in the CORAM regis- 
ter is used to indicate the maximum count rate of 512 
clocks. 
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I 
RpERIOD(",S) • FREQ(MHz) 
I = CDRAMRegisterValve 


# Refresh Rows + (/I Refresh Rows· % Overhead) 
Rperiod= MaximumRefresh periodspecified by the DRAMmanufacturer(timein microseconds). 
FREQ = Operating Frequencyat 80C186 in megahertz. 
#Refresh Rows = Total number of rows to be refreshed. 
% Overhead = Deratingfactor that estimates the number of missed refresh requests (typically1-5%). 


Figure 10. Equation to Calculate Refresh Interval 


Bit 
15 
14 
13 
12 
11 
10 
9 
I E 
0 
0 
0 
000 


8 
7 
6 
5 
4 
3 
2 
0 


T8 
T7 
Te 
Ts 
T4 
T3 
T2 
T1 
To I 


T0-T8, Refresh request downcounter clockcount.These bitsare read onlyand represent the currentvalue of 
the counter.Anywriteoperationto these bits is ignored.These bits are set to 0 on RESETor when the E bitis 
cleared. 
Reserved, should be writtento as a 0 to maintainfuture compatibility,willalways be read back as zero. 
E, enables the operation of the refresh control unit.Setting the E bitwillautomaticallyload the request down 
counter. Clearingthe E bitstops refresh operation and clears the DownCounter. 


Bits9-14: 
Bit15: 


The equation shown in Figure 10 can be used to deter- 
mine the value of the CDRAM register needed to estab- 
lish a desired refresh request rate. Note that the equa- 
tion is based on the internal operating frequency of the 
8OC186. Therefore, the request rate is effected by any 
change in operating frequency. Modification of the op- 
erating frequency can occur in two ways: modifying the 
input clock or entering power-save mode. There is no 
upper limitation as to the frequency of refresh requests 
(other than programming), but there is a lower limit. 
This lower limit is based on the fact that the request 
rate can be no faster than the time it takes to service the 
request. Subsequently, the minimum programming val- 
ue of the CDRAM register should he 18 (l2H). It is 
very doubtful that this will ever become a problem 
when operating at normal frequencies, since the refresh 
rate of most dynamic memories is well above this mini- 
mum programming value. 


However, when making use of the power-save feature 
of the 80C186, it is possible to lower the operating fre- 
quency such that it will prevent adequate refreshing 
rates. When operating at 12.5 MHz, dividing the clock 
by 16results in a cycle time of 1.28microseconds. Since 
the minimum value of the CDRAM is 18, the mini- 
mum refresh rate is 23.04 microseconds. 23 microsec- 
onds is not fast enough to service most dynamic memo- 
ries. Therefore, caution must be exercised when using 
the power-save feature of the 80C186. When there is a 
need to keep dynamic memory alive, the clock should 
not be divided much below 2 MHz to avoid monopoliz- 
ing the bus with refresh activity. If there is no desire to 
keep memory alive during power-save operation, then 
the refresh unit can simply be disabled during this time. 


Programming 
the Refresh Enable 
Register 


The EDRAM register (Figure 11) is used to enable and 
disable the refresh control unit. Furthermore, 
reading 
the register returns the current value of the down coun- 
ter. 


Setting the E bit enables the RCV and loads the value 
of the CDRAM register into the down counter. When- 
ever the E bit is cleared, the refresh control unit is 
disabled and the down counter is cleared. Disabling the 
refresh control unit does not change the contents of the 
refresh address counter (i.e. it is not cleared or initial- 
ized to any specific value). Thus, when the refresh unit 
is again enabled, the address generated will continue 
from where it left off. Resetting the 8OCl86 automati- 
cally clears the E bit. There are no refresh bus cycles 
during a reset. 


The current value of the down counter, as well as the 
present state of the E bit can be examined whenever the 
EDRAM register is read. Any unused bits will be re- 
turned as zero. Whenever the E bit is cleared, the TO 
through T8 bits will be read as zero. 


REFRESH 
CONTROL 
UNIT 
OPERATION 


Figure 12 illustrates the two major operational func- 
tions of the refresh control unit that are responsible for 
initiating and controlling DRAM refresh bus cycles. 


inter 


Executed 
~ _ . Every 
, 
Clock.J, 


The down counter is loaded (with the contents of the 
CDRAM 
register) on the falling edge of CLKOUT, 
either when the E bit is set or whenever the counter 
decrements to 1. Once loaded, the down counter will 
decrement every falling edge of CLKOUT. It will con- 
tinue to decrement as long as the E bit remains set. 


When the down counter finally decrements to 1, two 
things will happen. First, a request is generated to the 
BIU to run a refresh bus cycle. The request remains 
active until the bus cycle is run. Second, the down 
counter is reloaded with the value contained in the 
CDRAM register. At this time, the down counter will 
again begin counting down every clock cycle, it does 
not wait until the request has been serviced. This is 
done to ensure that each refresh request occurs at the 
correct interval. Otherwise, if the down counter only 
started after the previous request were service, the time 
between refresh requests would also be a function of 
bus activity, which for the most part is unpredictable. 
When the BIU services the refresh request, it will clear 
the request and increment the refresh address. 


The physical address that is generated during a refresh 
bus cycle is shown in Figure 7, and it applies to both 
the 8OC186 and 8OC188. For the 8OC188, this means 
that the lower address bit AO will not toggle during 
refresh operation. Since the 80Cl88 has an 8-bit exter- 
nal bus, AO is used as part of memory address decod- 
ing. Whereas the 8OC186, with its l6-bit external bus, 


uses AO (along with BHE) to select memory banks. 
Therefore, when designing 8OC188memory subsystems 
it is important not to include AO as part of the ROW 
address that is used as a refresh address. Appendix A 
illustrates Memory Address Multiplexing Techniques 
that can be applied to the 8OCl86 and the 8OC188. 


Under most operating conditions, the frequency of re- 
fresh requests is a small percentage of the bus band- 
width. Still, there are several conditions that may pre- 
vent a refresh request from being serviced before anoth- 
er request is generated. These conditions include: 
1) LOCKED Bus Cycles 
2) Long Bus accesses (wait states) 
3) Bus HOLD 


Whenever the bus is LOCKED, 
the CPU maintains 


control of the BIU and will not relinquish it until the 
locked operation is complete. Therefore, internal opera- 
tions like refresh and DMA are not allowed to execute 
until the LOCKED instruction has completed. Where 
this presents the greatest problem is when an instruc- 
tion such as a move string is executed, and is locked. 
The move string instruction 
can take from several 
clocks to hundreds of thousands of clocks to complete. 
Obviously anything that takes longer than 512 clocks to 
complete will always cause a refresh overflow. 


intJ 


Care should be taken not to generate long executing 
instructions that require bus accesses and are locked. 
The refresh request interval can be shortened to com- 
pensate for missing requests. 


The 8OC186 does not provide any mechanism to abort 
or terminate a bus access in the event ready is not re- 
turned within a specified amount of time (the 8OC186 
will infinitely wait for ready). Therefore, if a bus access 
is in progress when a refresh request is generated, the 
bus access must complete before the request will be 
serviced. 


Special consideration is given when a refresh request is 
generated and the 8OC186 is currently being held off 
the bus due to a HOLD request. 


When another bus master has control of the bus, the 
HLDA signal is kept active as long as the HOLD input 
remains active. If a refresh request is generated while 
HOLD is active, the 8OC186 will remove (drive inac- 
tive) the HLDA signal to indicate to the other bus mas- 
ter that the 8OC186 wishes to regain control of the bus 
(see Figure 13). If, and only if, the HOLD input is 
removed will the BIU begin to run the refresh bus cy- 
cle. 


Therefore, it is the responsibility of the system designer 
to ensure that the 80C 186 can regain the bus if a refresh 
request is signaled. The sequence of HLDA going inac- 
tive while HOLD is active can be used to signal a pend- 
ing refresh request. HOLD need only go inactive for 


one clock period to allow the refresh bus cycle to be 
run. If HOLD is again asserted, the 8OC186 will give 
up the bus after the refresh bus cycle has been run 
(provided there is not another refresh request generated 
during that time). 


EFFECTS 
OF MISSING 
REFRESH 
REQUESTS 


If a refresh request has not been serviced before another 
request is generated, the new request is not recorded 
and is lost. For instance, if the interval between refresh 
request is 15 microseconds and one request is lost, then 
the time between two requests will be 30 microseconds 
when the next request is finally serviced. In this exam- 
ple, missing one request will add 15 /Ls to the total 
refresh time. If it is anticipated that refresh requests 
may be missed (due to programming or system opera- 
tion), then the refresh request interval should be short- 
ened to allow for missed requests. 


Since the BIU is responsible for maintaining the refresh 
address counter, missing a refresh requests does not im- 
ply that refresh addresses are skipped. In fact, an ad- 
dress can never be skipped unless a reset occurs. 


The Internal Refresh Control Unit of the 8OC186 and 
8OC188 helps solve three issues concerning DRAM re- • 
freshing: a way to generate periodic refresh requests; a 
way to generate refresh addresses; a way to simplify 
DRAM memory controllers. Once a memory controller 
has been designed to handle the simple tasks of reading 
and writing the task of refreshing has already been built 
in. 
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NOTES: 
1. System 
generates 
HOLD request. 


2. HLDA 
is returned 
and 60C166 
floats 
bus/control. 


3. Refresh 
request 
is generated 
internal 
to 60C166. 


4. 60C166 
lowers 
(removes) 
HLDA to signal that it wants 
the bus back. 


5. 60C166 
waits 
until 
HOLD 
is lowered 
(removed) 
for at least 
1 clock 
cycle 
(minimum 
HOLD 
setup 
and 
hold time) 
to 
execute 
the refresh 
bus cycle. 
If HOLD is never 
lowered, 
the 60C166 
will not take over the bus. 


6. 60C166 
runs the refresh 
bus cycle. 


7. HOLD 
can be again asserted 
after the 1 clock 
duration. 
6. The refresh 
request 
is cleared 
after the bus cycle 
has been executed. 


9. If HOLD was again asserted, 
the 60C166 
will immediately 
relinquish 
the bus back. 
If no HOLD occurred, 
normal 
CPU 
operation 
will resume. 
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APPENDIX 
A 
TYPICAL 
DRAM ADDRESS GENERATION 
CONSIDERATIONS 
FOR 80C186/80C188 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64K x 1 
(128K Bytes) 
A1-A8 
A9-A16 
16K x 4 
(32K Bytes) 
A1-A8 
A9-A14 
256K x 1 
(512K Bytes) 
A1-A9 
A10-A18 
64Kx4 
(128K Bytes) 
A1-A8 
A9-A16 
1M x 1 
(2M Bytes) 
A1-A10 
A11-A19(+ 
Bank) 
256Kx4 
(512K Bytes) 
A1-A9 
A10-A18 


NOTE: 
Address bit AO can be used in either RAS or CAS addresses, so long as it is not included in any refresh address 
bits. 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64Kx 
1 
(64K Bytes) 
A1-A?,AO 
A8-A15 
16Kx 
4 
(16K Bytes) 
A1-A?,AO 
A8-A13 
256K x 1 
(256K Bytes) 
A1-A8, 
AO 
A9-A17 
64Kx4 
(64K Bytes) 
A1-A8 
AO,A9-A15 
1M x 1 
(1M Byte) 
A1-A9, 
AO 
A10-A19 
256Kx4 
(256K Bytes) 
A1-A9 
AO, A10-A1? 


RAM Type 
RASAdd 
CAS Add 
Refresh 
Add 


64K x 1 
AO-A? 
AO-A? 
AO-A6 
16K x 4 
AO-A? 
AO-A5 
AO-AS 
256K x 1 
AO-A8 
AO-AS 
AO-A? 
64Kx4 
AO-A? 
AO-A? 
AO-A? 
1M x 1 
AO-A9 
AO-A9 
AO-A8 
256Kx4 
AO-A8 
AO-A8 
AO-A8 
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In many low-cost 80186/80188 designs, dynamic mem- 
ory offers an excellent cost/performance 
advantage. 
However, DRAM interfacing is often complicated by 
the need to perform memory refreshing. This applica- 
tion brief describes how to use the Timer and DMA 
functionality of the 80186/80188 to perform memory 
refresh. 


Dynamic RAM refreshing is accomplished by strobing 
a ROW address to every ROW of the DRAM within a 
given period of time. One way to do this is to perform 
periodic sequential reads to the DRAM using a DMA 
controller and a Timer. This can be achieved with the 
80186/188 by Programming Timer 2 and one of the 
DMA 
channels such that 
the timer generated one 
DMA 
cycle approximately 
every 15 micro-seconds. 
Please note that this is a single row refresh method and 
not a burst refresh. Single row refreshing reduces the 
bus overhead considerably when compared to burst re- 
freshing. 


The control logic of the DRAM is such that a RAS 
(row address strobe) occurs on every memory read, re- 
gardless of the address. This is necessary because the 
DMA channel is cycling through the entire I MByte 
address space and the address of the refresh cycle does 
not always fall within the range of the DRAM bank. 


Although 
the address may be outside the DRAM 
range, the lower address bits continue to change and 
roll over to provide the row address. 


Since the DMA controller is cycling through the entire 
I MByte address space, care must be taken to ensure 
that a READY signal is available for all addresses. One 
way to do this is to use only the internal wait state 
generator for memory areas and to strap the SRDY and 
ARDY pins HIGH. Whenever a refresh cycle occurs 
outside of a predefmed internal wait state area, the ex- 
ternal ready pins, which are active HIGH, will com- 
plete the bus cycle. 


If it is necessary to use the external ready signals for 
certain memory regions, then it will be necessary to add 
logic which will generate a ready signal whenever the 
address of a refresh cycle falls where there is no memo- 
ry. This can easily be accomplished by either decoding 
a couple of high order address lines, or by AND-ing 


all the chip selects so that READY goes active whenev- 
er all the memory chip selects are inactive (i.e. the cycle 
-isnot in a valid memory region). 


The absolute maximum overhead can be calculated at a 
given speed by taking the number of refresh cycles di- 
vided by the total number of bus cycles for a given 
period of time. At 8 MHz these values can be calculat- 
ed as follows: 


2 bus cycles 
5 2 
/5 
x 100 = 6.6% maximumoverhead 
1.,...sOOos 


In reality, the bus overhead associated with the DMA 
cycles is much lower due to the instruction prefetch 
queue. When a DMA cycle is requested by the timer for 
a refresh cycle, the Bus Interface Unit honors the re- 
quest on the next bus cycle boundary (with the excep- 
tion of LOCKed bus cycles and odd aligned accesses). 
Typically this time is idle time on the bus and the im- 
pact on the overall performance is extremely small. The 
following table shows more realistic data which was 
acquired by running 6 different benchmarks with and 
without the DMA channel enabled to provide refresh 
every 15.2IJos. 


Minimum 
Maximum 
Average 


80186 
1.3% 
5.9% 
2.5% 
80188 
2.4% 
6.5% 
3.4% 


The programs which showed the highest bus overhead 
tended to be very bus intensive. Also note that at faster 
frequencies the bus overhead becomes even less. 


The DMA controller is programmed to be source syn- 
chronized with the TC (transfer count) bit cleared. This 
ensures that the DMA controller never reaches a fmal 
count. 
The source 
pointer 
continues 
to increment 
through memory on every cycle. When FFFFFH 
is 


reached, the address rolls over to OOOOOH 


The programming values for the DNA registers are 
shown in Figure 1. The source pointer may be initial- 
ized to any location since the starting location of the 
refresh is arbitrary. 


intJ 


The value of the Transfer Count register is also arbi- 
trary since the TC bit is not set. The DMA channel will 
continue to run cycles upon request from Timer 2 even 
after the Transfer Count register has reached zero. 
Once zero is reached, the Transfer Count register will 
roll over to FFFFH and continue to count down. 


The destination pointer may be set to any available 
memory or I/O location. This pointer must be set so 
that it neither increments nor decrements. Otherwise, 
the address of the deposit cycle would cycle through 
memory or I/O doing writes which could possibly be 
destructive. Thus the INC and DEC bits of the control 
register should be cleared. 


1 
r 


SOURCESYNCHRONIZED 
-"----ACCEPT 
TIMERREQUEST 
r-- PROGRAMANDSTART 
t r- WORDTRANSFER 
,.......,,......., 
~t 
543210 
.--1 CONTROL 
WORD 


HIGHPRIORfTY 
DONOTINTERRUPT 
DONOTSTOPONTERMINALCOUNT 
----------SOURCE= 
MEMORY(INCREMENT) 
------------DESTINATION 
=1/0 (NO INC/DEC) 


15 
87 
0 


C6H I 
i XXXXI 
C4H 
~A-V-A-ILA-BL-E-I-IO--L-OC-A""Tl-O-N---t 
.-- 
DESTINATION 
POINTER 


, 


C2H 
COH 


NOTES: 
1. Locations of registers are relative to the base address of the peripheral control block. The offsets shown are for 
ChannelO. 
2. The byte/word bitis a don't care in a 80188 system. Ina 80186 system this bitshould be set to a 1 to represent word 
transfers. 
3. The transfer count register is located at offset C8H.Itis not necessary to programthis register. 
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When setting the count value of the timer, keep in mind 
the timer clock is operating at one-fourth the CPU 
clock frequency. Thus, the equation for setting the tim- 
er count is: 
Timer 2 must be programmed to generate a DMA re- 
quest every time a row must be refreshed. Since we are 
not using a burst refresh, the refresh time is divided up 
evenly among the number of rows. For a 2 ms refresh 
DRAM with 128 rows, the time between rows equals 
15.62 microseconds. 


(CPU CLOUT 
FREQ) x (Time Between 
ROWS) 


4 
= COUNT_VALUE 
(decimal) 


For an 8 MHz clock, programming 
the Maximum 
Count Register to lEH provides a 15.2 /Ls refresh. This 
programming is indicated in Figure 2. 


15 
87 


66H 
1 1 0 
DON'T 
CARES 
'--' 


[ 


CONTINUOUS 
OPERAllON 
00 NOTALTERNATE 
INTERNALCLOCKING 


00 NOTINTERRUPT 
'-----------------START 
OPERAllON 


+-1 MODE/CONTROL 
WORD I 


15 
87 
0 


62H 
_ 
+-1 MAX COUNT A REGISTERI 
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EXAMPLE 
1: 
DRAM CONTROL 
WITH 
A DELAY LINE 


This is the most straight forward way of implementing 
the RAS and CAS logic. A RAS signalis generated by 
either RD or WR going active while the address is 
within the corresponding range. Normally the logic for 
RAS would also go active for a refresh cycle status, but 
since 
this 
information 
is 
not 
available 
on 
the 
80186/80188, a RAS must be generated for every RD 
and WR, regardless address. 


The MUX signal is used to change from the RAS ad- 
dress to the CAS address after latching with RAS. This 
is accomplished by using a delay line which generates a 
MUX signal by a fixed number of nano-seconds after 
RAS is generated. The important timing here is the 
necessary hold time for the row address into the 
DRAM. 


The MUX signal is initially HIGH which sends the A 
side (see Figure 3) Row address through the multiplex- 


~ 
DMA 
CONTROL 


"- 


TIMER 
COUNTER 


er to the DRAM. This address consists of AO through 
A7. The B address (A8 through A16) is selected when 
MUX goes LOW. The system shown in Figure 3 repre- 
sents that of an 80188 system. 


For an 80186 system, the A address would start at AI. 
The least significant address line AO along with BHE 
would be used to decode WE into WEH and WEL 
which will be shown in the second example. Also, the 
186 DMA must be set to do word-transfers so that the 
address is incremented by 2 after each refresh cycle. 
This is necessary to ensure Al increments by I every 
refresh cycle. 


CAS is generated in the same manner by delaying the 
MUX signal a fixed number of nano-seconds. Typically 
CAS goes inactive at the same time as RAS to ensure a 
valid CAS precharge time before the next DRAM ac- 
cess. The 80186/188 chip selects are used to ensure that 
CAS only goes active when the address falls within the 
DRAM bank range, and to ensure that CAS does not 
go active during I/O cycles. 


• 


EXAMPLE 2: 
DRAM CONTROL WITH A PAL* 


This design uses a PAL to generate all the control logic 
for the DRAM array. Internal feedback is used on the 
signals to control the timing and states of the RAS, 
MUX and CAS signals. 


This design uses 256k X 4 DRAMs. With minor chang- 
es to the PAL equations this design could just as easily 
make use of 64k X 1, 64k X 4, or 256k X 1 DRAMs. 


The RAS signal is generated off ALE going LOW, bus 
cycle status active, and PRE_RAS 
being active. The 
PRE_RAS 
signal is necessary to ensure that a RAS is 
not accidentally generated when S2-S0 are becoming 
valid and ALE has not yet gone HIGH in T4 phase 2. 
PRE_RAS 
does not go active until ALE has gone 
HIGH. 


RAS is initiated for every memory read and write re- 
gardless of the bus cycle address. This ensures a row 


AI-9 


LATCHED 
ADDRESS <AI8-AI> 


refresh when the refresh address falls outside of the 
DRAM bank and also a refresh to both banks simulta- 
neously so that the frequency of the refresh can be set 
for the number of rows in one bank of DRAM. 


The UCS (Upper Chip Select) from the 80186/188 is 
used to disable DRAM signals when the processor is 
attempting 
to access upper memory control ROM. 


Thus the portion of memory used by the UCS (maxi- 
mum 256k) is unavailable in the upper DRAM. How- 
ever, the RAS signal must still be allowed during UCS 
access to ensure refreshing when the DMA refresh cy- 
cle occurs in the UCS region. 


MUX is generated off T2 phase 1 and RAS active. 
MUX will remain low until the current RAS signal 
goes inactive during T3 phase 2. 


CASO and CAS 1 are generated off MUX being active 
and T2 phase 2 of the bus cycle. CAS goes inactive at 
the start of T4 phase 2. 


LATCHEDAI9 


DATA <15:8> 


t.4UX 


RAS 


CASO 


AI9 


16L8 PAL 
CASI 


PRLRASN.C. 


WEH 


WEL 


RASI 
CASI 
wn 
07-0 


LOW 
BYTE 
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" 
I 
, 
f 
.- , 
I 


_TCLAv-fl 
_TC~CL 
) 
ADDRESS 
VALID 
X 
VALID DA A 
(WRITE C 
LE) 


.LmV 
I\.~" 
V'~V' 
,~\. 
STATUS VALID 
/~/ 
"~,, 


"~,, 


TCVCTV 
TCVCTX 


.\00\" 
V'PJJ//. I///. 


•'\ l!!!&JiI. :" 
\ 
~ 


XI!J 
ROW 
XIlJ 
CDLUlotN 
X 


\.'$.\. 
/. 


TDVCL 
t= 
"DATA v"'iiiJ'- 


, 


ALE • S2' S1 • SO+ 
ALE • S2 • S1 • SO + 
ALE • S2 • S1 • SO + 
PRLRAS 
• S2 • Sf • SO+ 
PRLRAS 
• S2 • Sf • SO + 
PRE_RAS • S2 • S1 • SO 
PRE_RAS • ALE • S2 • S1 • SO+ 
PRE_RAS • ALE • S2 • S1 • SO + 
PRLRAS' 
ALE' 
S2' S1' 
SO + 
RAS' ClK 
RAS' ClK + 
RAS' MUX 
A19' 
MUX' ClK • RAS + 
CASO' RD + 
CASO'WR 
+ 
CASO' ClK 


A19 'UCS' 
MUX • ClK • RAS + 
CAS1 • RD + 
CAS1 'WR 
+ 
CAST' ClK 
WR'AO 
WR' SHE 


8 MHz 
10 MHz 


TCLAV 
55 
50 
TCHlH 
35 
30 
TCHll 
35 
30 
TCHSV 
55 
45 
TClSH 
65 
50 
TClRl/TCVCTV 
70 
56 
TClRH 
55 
44 
mVCl 
20 
15 


;INSTRUCTION FETCH 
;READ DATA/REFRESH 
;WRITEDATA 
;KEEPPRE_RAS VALID 
; WHilE STATUS 
;ISVALID 
;INSTRUCTIONFETCH 
;READ DATA/REFRESH 
;WRITEDATA 
;KEEPACTIVE DURING T3A 


The following equations are with reference to given 
clock edge. The edge in reference is indicated by the 
first element in the equation: T3 t = rising edge ofT3 
clock J, Tl = falling edge of Tl clock. 


DELAY 1 = T1 t + TCHll 
+ (PAL DELAY) 
DELAY 2 = J, T2 + (PAL DELAY) 
DELAY 3 = T2 t + (PAL DELAY) 
DELAY 4 = J, T1 + (PAL DELAY) 
DELAY 5 = J, T3 + TClSH + (PAL DELAY) 
DELAY 6 = J, T1 + TCLAV + (MUX DELAY) 
DELAY 7 = J, T2 + DELAY 2 + (MUX DELAY) 


ACCESS TIME FROM RAS = 2.5 (TCLCL)-DELAY 
1 
-TDYCL 
ACCESS TIME FROM CAS = 
1.5 (TCLCL)-DELAY 3 
-TDYCL 
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High speed digital signals are frequently encountered in 
modem control applications. In addition, there is often 
a requirement for high speed 16-bit and 32-bit precision 
in calculations. The MCS@-96'product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speedlhigh 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


The 8096 is a 16-bit microcontroller 
with dedicated 
I/O subsystems and a complete set of 16-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 
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The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2., 
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DATA MEMORY) 


In the lower 24 bytes of the register file are the register- 
mapped 
I/O 
control 
locations, 
also called 
Special 
Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 
mode. 


EXTERNAL 
MEMORY 
RESERVED 
FOR USE BV INTEL DEVELOPMENT 


SYSTEMS 
(WHEN ACCESSEO 
AS 
PROGRAM 
MEMORY) 


Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written 


to. More information about the use of these registers is 
included in the description of the features which they 
control. 
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Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation (PWM) output can be used as 
a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and IQ-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 
word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation 
of the 
SFRs can provide rapid I/O operations. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffIXon a 
mnemonic to indicate a byte operation, without this 
suffIXa word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


MUL 
Value3,Value2.Value1; 
Value3 : = Value2" Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost e1iminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major 1/0 Functions 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides Synchronous 
or Asynchronous 
Link 


Standard 
I/O Lines 
Provide Interlace 
to the External World when other Special 
Features 
are not needed 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
~ 
~ 
~ 
~ 
t 
- 
ADD/ADDB 
3 
D+-B+A 
~ 
~ 
~ 
~ 
t 
- 


ADDC/ADDCB 
2 
D +- 
D + A+C 
J. 
~ 
~ 
~ 
t 
- 
SUB/SUBB 
2 
D+-D-A 
~ 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
3 
D+-B-A 
~ 
~ 
~ 
~ 
t 
- 


SUBC/SUBCB 
2 
D+-D-A+C-l 
.- 
J. 
~ 
~ 
~ 
t 
- 
CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t 
- 
MULIMULU 
2 
D,D + 2 +- 
D' A 
- 
- 
- 
- 
- 
? 
2 


MULIMULU 
3 
D,D + 2 +- 
B' A 
- - 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D + 1 +- 
D' A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
D,D + 1 +- 
B' A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
D +- 
(D,D + 2)/A, D + 2 +- 
remainder - 
- 
- 
~ 
t 
- 
2 


DIVUB 
2 
D +- 
(D,D + l)/A, D + 1 +- 
remainder - 
- 
- 
~ 
t 
- 
3 


DIV 
2 
D +- 
(D,D + 2)/A, D + 2 +- 
remainder - 
- 
- 
? 
t 
- 
2 


DIVB 
2 
D +- 
(D,D + l)/A, D + 1 +- 
remainder - 
- 
- 
? 
t 
- 
3 


AND/ANDB 
2 
D +- 
DandA 
~ 
~ 
0 
0 
- 
- 
AND/ANDB 
3 
D +- 
BandA 
~ 
~ 
0 
0 
- 
- 
OR/ORB 
2 
D +- 
DorA 
~ 
~ 
0 
0 
- 
- 
XOR/XORB 
2 
D +- 
D (excl.or) A 
~ 
~ 
0 
0 
- 
- 
LD/LDB 
2 
D+-A 
- 
- 
- - - 
- 
ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 
LDBSE 
2 
D +- 
A;D + 1 +- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D +- 
A;D + 1 +-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 
POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; 
I+-~ 
~ 
~ 
~ 
~ 
~ 
~ 
SJMP 
1 
PC +- 
PC + l1-bit offset 
- 
- 
- 
- 
- 
- 
5 
LJMP 
1 
PC +- 
PC + 16-bitoffset 
- 
- - 
- 
- 
- 
5 
BR (indirect) 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 
SCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- - 
- 
- 
- 
5 
PC +- 
PC + 11-bitoffset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 16-bitoffset 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional) 
1 
PC +- 
PC + 8-bitoffset (iftaken) 
- 
- 
- 
- 
- 
- 
5 
JC 
1 
JumpifC = 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
JumpifC = 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
JumpifZ = 1 
- 
- - 
- 
- 
- 
5 


NOTES: 
1. If the mnemonicends in "B", a byte operation is performed,otherwisea word operation is done. OperandsD, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
locatedanywherein memory. 
2. D, D + 2 are consecutiveWORDSin memory;D is DOUBLE-WORDaligned. 
3. D, D + 1 are consecutiveBYTESin memory;D is WORDaligned. 
4. Changesa byte to a word. 
5. Offset is a 2's complementnumber. 


• 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- - 
- 
5 


JLT 
1 
Jump if N = 1 
- - - - 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 orZ = 1 
- - - - 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - 
- 
- 
5 


JNH 
1 
JumpifC 
= OorZ 
= 1 
- 
- - - 
- - 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- - - - 
- - 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
JumpifST 
= 1 
- - - - - 
- 
5 


JNST 
1 
JumpifST 
= 0 
- 
- 
- - 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- - 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- - - - 
- 
- 
5.6 


DJNZ 
1 
D.- 
D-1;ifD*Othen 
PC .- 
PC + 8-bit offset 
- - - - 
- 
- 
5 


DEC/DECB 
1 
D.-D-1 
~ 
~ 
~ 
~ 
i 
- 


NEGINEGB 
1 
D'-O-D 
~ 
~ 
~ 
~ 
i 
- 


INCIINCB 
1 
D'-D+1 
~ 
~ 
~ 
~ 
i 
- 


EXT 
1 
D .- 
D; D + 2 .- 
Sign (D) 
~ 
~ 
0 
0 
- - 
2 


EXTB 
1 
D .- 
D; D + 
1 .- 
Sign (D) 
~ 
~ 
0 
0 
- 
- 
3 


NOTINOTB 
1 
D .- 
Logical 
Not (D) 
~ 
~ 
0 
0 - - 


CLR/CLRB 
1 
D.-O 
1 
0 
0 
0 - 
- 


SHL/SHLB/SHLL 
2 
C'- 
msb-----Isb 
.- 
0 
~ 
? 
~ 
~ 
i 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
~ 
? 
~ 
0 - 
~ 
7 


SHRA/SHRAB/SHRAL 
2 
msb 
-+ 
msb-----Isb 
-+ 
C 
~ 
~ 
~ 
0 
- 
~ 
7 


SETC 
0 
C'-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C'-O 
- - 
0 
- - 
- 


CLRVT 
0 
VT.-O 
- - 
- 
- 
0 
- 


RST 
0 
PC'- 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts 
(I .- 
0) 
- - - - 
- 
- 


EI 
0 
Enable All Interrupts 
(I .- 
1) 
- - - 
- 
- 
- 


NOP 
0 
PC'-PC+1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC'-PC+2 
- 
- 
- - - 
- 


NORML 
2 
Left Shift Till msb = 1;.D .- 
shift count 
~ 
? 
0 - - 
- 
7 


TRAP 
0 
SP .- 
SP - 
2; (SP) 
.- 
PC 
PC .- 
(2010H) 
- 
- - - - 
- 
9 


NOTES: 
1. If the mnemonic 
ends 
in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. 
Operands 
D. B, and A 


must 
conform 
to the 
alignment 
rules for the 
required 
operand 
type. 
D and 
B are locations 
in the 
register 
file; 
A can 
be 


located 
anywhere 
in memory. 


5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 bits in the register 
file. 


7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset 
by pUlling 
RESET 
low. Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 


2080H. 
9. The assembler 
will not accept 
this mnemonic. 


inter 


One operand of most of the instructions can be used 
with anyone 
of six addressing modes. These modes 
increase the flexibility and overall execution speed of 
the 8096. The addressing modes are: register-direct, im- 
mediate, indirect, indirect with auto-increment, 
and 
long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register file or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


mode. In this mode a l6-bit 2's complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2's complement number as the offset 
instead of a l6-bit number. 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the 
MCS-96 Macro 
Assembler 
Users 
Guide, listed in the bibliography. 


Mnem 
Dest or Src1 
; One operand direct 
Mnem 
Dest, Src1 
; Two operand direct 
Mnem 
Dest, Src1, Src2 
; Three operand direct 


Mnem 
#Src1. 
; One operand immediate 
Mnem 
Dest, #Src1 
; Two operand immediate 
Mnem 
Dest, Src1, #Src2 
; Three operand immediate 


Mnem 
[addr] 
; One operand indirect 
Mnem 
[addr] + 
; One operand indirect auto-increment 
Mnem 
Dest, [addr) 
; Two operand indirect 
Mnem 
Dest, [addr)+ 
; Two operand indirect auto-increment 
Mnem 
Dest, Src1, [addr] 
; Three operand indirect 
Mnem 
Dest, Src1, [addr) + 
; Three operand indirect auto-increment 


Mnem 
Dest, offs [addr] 
; Two operand indexed (short or long) 
Mnem 
Dest, Src1, offs [addr) 
; Three operand indexed (short or long) 


Where: "Mnem" is the instruction mnemonic 
"Dest" is the destination register 
"Src1", "Src2" are the source registers 
"addr" is a register containing a value to be used in computing the address of an operand 
"offs" is an offset used in computing the address of an operand 
• 
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,.--- 
1OC1.1 


EXTlHT ~o--------EXTIHT 
ACH.7 
__ 


TI FLAG -----------SERIAL 
PORT 
RI FLAG --.-J 


,.--- 
HSO_COMMAND.4 


~~------- 
SOFTWARE TIMER 


SOFTWARE TIMER 0 ~ 
SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 
RESET TIMER 2" 
START AID CONVERSION" 


,.--- 
HSCU:OMMAND.4 


ANY HSO OPERATION ~ 
~~-------- 
HIGH SPEED OUTPUTS 


••---1OC1.7 


FIFO IS FULL ~ 
HSI DATA AVAILABLE 
HOLDING 
REGISTER LOADED_ 


,.---1OC1.2 
I 
TIMER1 OVERFLOW 
~ 
:~------- 
TIMER OVERFLOW 


nMER2 
OVERFLOW 
_ 
'lo"'.-----~ 
I 
"Only _n 
In111a1" by tile HSO unl1. 
L 
1OC1.3 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used on the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-8. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INT_PENDING), 
the Interrupt 
Mask Register (INT_MASK), 
and the I bit in the 
PSW (PSW.9). Figure 2-9 shows a block diagram of the 
interrupt 
structure. 
The 
INT_PENDING 
register 
contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a 1 and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 


Source 
Location 
Priority 
{High 
(Low 
Byte) 
Byte) 
Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


source. When the vector is taken the INT_PENDING 
bit is cleared. If more than one bit is set in the INT_ 
PENDING 
register with the corresponding bit set in 
the INT_MASK 
register, the Interrupt with the high- 
est priority shoWn in Figure 2-8 will be executed. 


The software can make the hardware interrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT_MASK 
register. This 
will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


SOFTWARE 


TIMERS 
HSI.O 


5 


TIMER 


OVERFLOW 
o 


SERIAL 
PORT 
• 


• 


WHERE: 


Z is the zero flag. 
It is set when 
the result 
of an operation 
is zero. 


N is the negative 
flag. 
It is set to the algebraically 
correct 
sign of the result 
regardless 
of overflows. 


V is the overflow 
flag. 
It is set ij an overflow 
occurs. 


VT is the overflow 
trap flag. 
It is set when 
the VT flag is set and cleared 
by JVT, JNVT, 
or CLRVT. 


C is the carry 
flag. 
It is set if a carry 
was generated 
by the prior operation. 


I is the global 
interrupt 
enable 
bit. 


ST is the sticky 
bit. It is set during 
a right shift 
if a one was shifted 
into and then 
out of the carry 
flag. 
INT-MASK 
is the interrupt 
mask 
register 
and contains 
bits which 
individually 
enable 
the 8 interrupt 
vectors. 


PSW (shown in Figure 2-10), stores the INT~ASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine will have the basic structure shown 
below. 


PUSHF 
LDB 
INT_MASK, #xxxxxxxxB 
EI 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 
terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT _MASK 
is loaded with a new value and inter- 
rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplify its usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter 
section. 


The 8096 has two time bases, Timer 1 and Timer 2. 
Timer 1 is a l6-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 


intJ 


HSI.O 
H5I.1 
H5I.2 
HSI.3 
LHITOLO 
____ 
...• 
r 
LO TO HI 


Jl..1U'1.f1.J'1 


EVERY EIGHTH POSITIVE 
TRANSITION 


2.0,.S 
CLOCK 


TRIGGERED 


CHANGE 
INPUTeS) 


DETECTOR 


• Pulse measurement with 2.0 /Lsec resolution 
• Input transitions trigger the recording of the reference 
Timer (16-b~) and triggered input(s) (4-bit) 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer I can cause an interrupt when it overflows, and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer I, it is 16-bits 
wide, can be read at any time, can be used with the 
HSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specificvalues can not be written 
to it. 


Although the 8096has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer I as a 
timer base. The HSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer I or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the time 
at which the event occurred. Four types of events can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


HSl.O IIOOE 


H51.1 MODE 


H5I.2MODE 


HSl.311OOE 


270061-7 
Where each 2-bit mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each positive transition 
10 
Each negative transition 
11 
Every transition (pos~ive and negative) • 


microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
levelFIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


0-5 
H50.0 
- HSO.5 
e 
H50.0 
AND H50.1 
7 
H50.2 
AND H50.3 
1-8 
SOFTWARE 
TIMERS 


E 
RESET TIMER 
2 
F 
START AID CONVERSION 


INTERRUPTINO 
INTERRUPT 
SETICLEAR 
TIMER 2/TlMER 
1 


HIGH SPEED OUTPUT 
CONTROLS 


e PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
NTIATE 
AID CONVERSION 


RESET TIMER 2 


inter 


sages to various devices to have them turn on, turn off, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer I or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled to occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register I (IOSI). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer I or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 


SP_STAT 
(READDNLY) 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


A CAM (Content Addressable Memory) file is the 
main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 
(WRITE ONLY) 


M2. M1 
SPECIFIES THE MODE; 
0.0: 
MODE 0 
O.l:MooEl 
1.0: 
MODE 2 
1.1 
: 
MODE 3 


REN 
ENABLES THE RECEIVE FUNCTION; 


TBI 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 
TI 
IS THE TRANSMIT INTERRUPT FLAG; 


RBI 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 


270061-10 • 


The serial port is similar to that on the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer I and Timer 2, so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control 
of the serial port is provided through 
the 
SPCON/SPSTAT 
(Serial Port 
CONtrol/Serial 
Port 
STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint 
is also 
slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, I, 2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode 1 is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAU: 


Mod 
. Baud _ XTAL1 frequency. 


eO. Rate - 
4'(B+1) 
• B #' 0 


Others' 
Baud = XTAL1 frequency 
. 
Rate 
64'(B+1) 


Using T2CLK: 


M 
. Baud _ T2CLK frequency 
ode O. Rate - 
B 
• B #' 0 


Ot 
. Baud _ T2CLK frequency. 
hers. Rate - 
16'B 
,B #' 0 


Note that B cannot equal 0, except when using 
XTAL1 in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTAL 1 pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant 15 bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALI is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation 
approaches 
1.25% from theoretical. Note that an XTALI frequen- 
cy of 11.0592 MHz can be used with the table values 
for II MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an 11 MHz 
input frequency is sufficient. 


Serial port Mode 1 is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN = I), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode I, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = I), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 


intJ 


XT AL 1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register Value 
Percent Error 
19.2K 
8009H 
+2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
-0.16 
1200 
809BH 
-0.16 


300 
8270H 
0.00 


XT AL 1 Frequency 
= 11.0 MHz 
19.2K 
8008H 
+0.54 
9600 
8011H 
+0.54 
4800 
8023H 
+0.54 
2400 
8047H 
+0.54 
1200 
I 
808EH 
-0.16 
300 
823CH 
+0.01 


XTAL 1 Frequency 
= 10.0 MHz 
. 


19.2K 
8007H 
-1.70 
9600 
800FH 
-1.70 
4800 
, 
8020H 
+ 1.38 
2400 
8040H 
-0.16 
1200 
8081H 
-0.16 
300 
8208H 
+0.03 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for· the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task.• 


inter 


{ 


-CALCULATE 
COORDINATE TRANSFORMS 
- 
DETERMINE VECTOR ENDPOINTS AND 
TRAVEL TIMES 
- 
PROVIDE USER INTERFACE 


{ 


-CONVERT 
VECTORS TO INDIVIDUAL 
AXIS COMMANDS 


- 
CONTROL THE SERlALLINK 
- 
MONITOR ENTIRE SYSTEM FOR FAULTS 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O 
expansion. The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = 1. In 
either case, RI is set again when the received byte is 
available in SBUF. 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a IO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a IO-bit converter is the same 
as that of an 8-bit converter, the lO-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the A/D 
must be between ANGND 
and VREF. 


ANGND must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 


AID 
Command 
Register 


(LOCATION 
02H) 


AID 
Reault 
Register 


(LOCATION 
03H) 
(LOCATION 
02H) 


CHANNEL 
tI SELECTS 
WHICH 
OF THE • ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 
INITIATED 
(GO= 
1 MEANS 
START 
NOW, GO=O 
MEANS 
THE CONVERSION 
IS TO BE INInATED 


BY THE HSO UNIT AT A SPECIFIED 
nME). 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 
MOST SIGNIFICANT 
BYTE 


controlled by software flags which are located in the 
AD~ESULT/AD_COMMAND 
Register, shown 


in Figure 2-19. 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (pWM) signal. 
This signal can be easily generated in hardware, and 


tak.esup much less silicon area than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
f?rm that can be integrated to provide an approxima- 
tIOnto an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- • 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and 
the output 
will 


inter 


be zero when the input is a logical zero. The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a buffer is also required. 
For low output currents, (less than 100 microamps or 
so), the circuit shown in Figure 2-21 can be used. 


The RC network determines how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy voltage followers and ac- 
tive filters is beyond the scope of this paper, however 
many books on the subject are available. 


DUTY 
PWMCOHTROL 


CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 


LO 


10% 
25 
~~....n 


50% 
121 
HI 


LO 


10% 
230 
HI -.J 
LO 


•. 1'" 
255 
HI 


LO 


inter 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the programs work, the 
stack pointer is initialized at the beginning of each pro- 
gram. If the programs are going to be used as modules 
of other 
programs, 
the stack pointer 
initialization 
should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive 
declarations 
the 
"include" 
file 


"DEM096.INC", 
shown in Listing 3-1, is used. ASM- 
96 will insert this file into the code file whenever the 
directive "INCLUDE DEM096.INC" 
is used. The file 
contains the definitions for the SFRs and other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


J 
•••••••••••••• 
Ill. 
III •••••••••••••••••••••••••• 
III III III III ••• 
III III •••••••••••••••••••• 
_._ 
••• 
III 


: 
OEM096.INC 
- 
DEPINITION 
or 
SYMBOLIC 
NAMIS 
POA 
THE 
I/O 
REGISTERS 
or 
THE 
1096 


: 
III III III III ••• III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III a 
III III III III III _,. 
III III Ill" 
III 
III III III III III III III III 
III III III III III 


I 
IBRO 
AD 
COMMAND 
AD-RBSULT 
LO 
AO-RESULT-HI 
HSI 
MOOB 
- 
H50-TIME 
RSI-TIMB 
HSO-COMMAND 
RSI-STATUS 
saur 
INT 
MASIt 
IN,.-PENDING 


5 PC OM 
SPS'!''''' 
WATCHDOG 
TIMBRl 
TIMBR2 
PORTO 


BAUD 
REG 
PORTI 
P08T 
~ 
lOCO 
1050 
lOCI 
1051 
PMH 
CONTROL 
SP 
- 


AX, 
DSN 


OX 
t 
DS" 
BXt 
OS" 
eXt 
OS" 


OOhtWORD 
02K.BYTE 
02HtBVT. 
OlHtBYTB 
OlK,BVT. 
0481WoRo 
04KI"ORO 


O'HIBVTB 
G6R.BYTS 
07H,By.,B 
OIiIIBY,.. 
09H,BYTE 
11B,BYTE 
11B,BYT. 


OAR, 
BYT. 
OAH,WOIlD 
OCR' 
WORD 
O.H,BY"'. 
OBH,BYT. 
OrB,BYTE 
10H,BYTB 


15H' 
BYTE 
15RIBYTE 
16HIBYTE 


16HIBYT. 
17HIBYTE 
18HIWORD 


els in this file are different from those in the file 
8096.INC that is provided in the ASM-96 package. 


3.1. 
Using the 8096's Processing 
Section 


A good way of increasing speed for many processing 
tasks IS to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine ,wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


J 
8/11 
J 
II 


J 
8 
I 
8 
I 
I 
, 
8 


J 
I 
I, 
I 
, 
, 
8 
, 
8 
I 
8 
I 
I 
I 
I 
, 
8 
I 
, 
8 


J 
II 
r 
R/W 
S'I'ACI 
POINTBR 
• 


In both methods the procedure is similar. Values of a 
function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 
nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


UpperOutput-Lower Output 
Delta Out = 
Upper Input-Lower Input 
'(Actual Input-Lower Input) 


Actual Output = Lower Output + Delta Out 
For the value of 259 the solution is: 


Delta Out = 900-400 '(259-200) = 500 '59 = 5 ' 59 = 295 
300-200 
100 
Actual Output = 400 + 295 = 695 


To make the algorithm easier, (and therefore faster), it 
is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 
equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a l2-bit 
output and an 8-bit input has been written. An input 
step of 16 (ZO'4) was selected. To cover the input range 
17 words are needed, 255/16 + 1 word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture offers no penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and defmitions are shown in the 
code. 


Input Value 
Relative 
Table Address 
Table Value 
100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


1M 
VAL. 
'rAiLa 
LOW_ 
!'''.L.-HIGB. 
J. 
DI •• 
I.-DJ". 
'fAi 
OIP. 
OO'l's 
a.suL'" 
OU'I'_DI". 


1 
1 
1 
1 
1M 
DIP 
1 
1 
1 
1 


J 
upper 
Input 
- 
Lower 
Input 
,byte 
, 
Upper 
Output 
- 
Lover 
Output 
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AL, 
IN 
VAL 
AL, 
13- 
AL. 
111111110a 


Load 
t •• p 
with 
Actual 
Value 
Divide 
the 
byte 
by 
• 
Inaute 
AL 
1 •• 
word 
addr 
••• 
~hl. 
effectively 
divid 
•• 
AL 
by 
2 
00 
AL 
• IN_VAL/I' 


LDa 
SHRB 
ANDS 


Load 
byte 
AL 
to 
word 
AX 
(AX) 
J 
~A.LE 
LOW 
1. 
loaded 
with 
the 
value 


J 
In 
the 
table 
at 
table 
location 
AX 


, 
~A8LE 
HIGH 
1. 
loaded 
with 
the 
value 
In 
the 
table 
at 
table 
location 
1.1+2 
(The 
next 
value 
In 
the 
table) 


IN 
DI.8-1 
••• t 
significant" 
bit. 
of 
IN 
VAL 
Load 
byte 
IN_DIPS 
to 
word 
IN 
ot. 


OUT_DI', 
tN_OI', 
'l'AB 
01' 


r, 
OUT_DI', 
'4 
J 


Output 
difference· 
Input-difference-Table 
difference 
Divide-by 
16 
(2··4) 


Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN 
VAL 
a. 
input 
- 
Round 
to 
12-blt 
answer 


c •• q 
A" 
2100N 


tables 
DCN 
OoOOR, 
20008, 
),. 0 08, 
'COO_ 
DClI 
5D008, 
6AOOH, 
'20 
OR, 
7100_ 
DClI 
1BOOH, 
7OOOH, 
7600H, 
6DOO_ 
DClI 
5DOOH, 
4800", 
3400", 
2200_ 
DClI 
1000_ 


BND 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3' will work to the same 
specifications as the previous example. 


IN 
VAL. 
TABLE 
LOW. 
TABLS:INC. 
IN 
DIra 
IN-DIre 


OUTJ 
RESULT. 
OUT_DIra 


, 
Actu.l 
Input 
V.lue 
I 
,..ble 
v.lue 
for 
function 
I 
Incr 
••• 
nt.l 
ch.nge 
In 
function 
, 
Upper 
Input 
- 
Lower 
Input 
,byte 


1 
1 
1 
1 
1M 
DI P 
1 
1 
1 


II., 
110011 
, Inlti.ll 
•• 
II. 
to 
top 
of 
reg. 
fll. 


AL, 
III-VAL 
Load 
t •• p 
with 
Actual 
Valua 
AL, ,] 
Dlvt4. 
th. 
byte 
by • 
AL, 
'11111110. 
l¥lr~·.t~.~ll:.r;ril:ti~:OIL 
by 
z 
00 AL . III VAL/I' 
All, AL 
Load 
byte 
Ai: to 
voed 
AX 


YAeL& 
IHe 
L. 
load 
ad 
with 
the 
valua 
In 
the 
lncre.ant 
tabla 
at 
location 
AX 


MUL 
OUT_DIP, 
IN_DIP, 
TABLE 
IMe 


J 
Output 
diff«ranee 
• 


J 
tnput=dlfferanc.·tncre 
•• ntal 
ehanqe 


IN 
OIr8-1 
••• 
t 
al9nlfleant 
4. bit. 
of 
IN 
VAL 
Load 
byte 
IN_OI'. 
to 
word 
IN_DIP 


val_table: 


DClI 
DClI 
DClI 
DClI 
DClI 
lnc 
tabla: 
DClI 
DClI 
DClI 
DClI 


oOoOH, 
500oR, 
,.ooH, 
5000H, 
1000H 


Add 
output 
difference 
to 
output 
ge"eratad 
with 
truncated 
IN 
VAL 
•• 
input 
- 


aound 
to 
12-bit 
an."er 
aound 
up 
If 
Carry 
~ 
1 


2000H. 
34000H. 
teoa" 
J 
A 
cando. 
function 
'AOoR, 
1200H, 
,,00H 
1000H, 
7iooH, 
6000N 
4o.OoN, 
3400", 
2200H 


020oH, 
OoOOH, 
0002oH, 
OrB.oH, 


014oR, 
OOloH, 
O"90H, 
O,.90R, 


ol.OH, 
OUOH, 
OPP70H, 
OrBEON, 


OIIOH 
OO]OH 
OrrOOH 
or •• 
OH 


By making use of the second lookup table, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PLIM. 
Specifically, PLIM refers to a family of lan- 
guages, each similar in syntax, but specialized for the 
device for which it generates code. The PLIM syntax is 
similar to PL/l, 
and is easy to learn. PLM-96 is the 
version of PLIM 
used for the 8096. It is very code 
efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and I/O functions similar to PLM-51. 
One line of PLIM-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16by 16 multiplies, so the ASM-96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 
Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEX1.0BJ, 
DMPY.OBJ, PLM96.LIB & 
to PLMOUT.OBJ ROM (2080H-3FFFH) 


inter 


DBCLARE 
IN 
VAL 
OBCLARE 
TAiLB 
LOW 
DECLARE 
TABLE-HIGH 
DBCLARB 
TABLa-OI' 
DECLARB 
OUT 
- 
DECLARE 
RESULt' 
DBCLARB 
OUT 
OJP 
DECLARB 
TEMP 


NaitO 
INT8GBR 
IN"BGBa 
1 ••,.8C8. 
IN,.BGBa 
IN,.BGBa 
LOIIGIIIY 
Noao 


PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC 
r 
PUBLIC, 
PUBLIC, 


DECLAaE 
,.ABLa(lll 
OoOoH, 
Zo008, 
500oH, 
'''OOH, 
1800H, 
1000H, 
5000H, 
4800H, 
1000N), 


IN'fBG.. 
DATA 
34008, 
4eaOR, 
72008, 
1100R, 
'600H, 
6000R, 
34008, 
22008, 


DMPYa 
PRoe.DURS 
(A,B) 
LONGIII!' BXTBRNAL, 
DBCLARB 
(A,B) 
INT8G8R, 
END 
DMPY 
I 


TABLB 
LOW-TABLBIT8MP), 
1* 
If 
-"IMp· 
w •• 
replaced 
by 
-S8R(11I 
VAL,")- 
*/ 
TABLB=HIGH-TABLB(TBMP+l), 
1* 
The 
code 
would 
work 
but 
the 
lot6 
would 
*/ 
1* 
40 
two 
'hitt. 
*/ 


TABLB_DIP-TA8LB_HIG.-TABLB 
LOW, 


OUT_DI.-OMPY(TABLB_DIP,SIGNaO(IN 
VAL 
AND 
OPB» 
/16. 


I' 
CARRY-O 
THBN 
RBSULT-OUT, 
1* 
011n9 
the 
h_rdv_re 
fl_9 
•• 
u.t 
be 
done 
., 
ELSE 
RESULT-OUT.l, 
,. 
with 
care 
to 
en.ure 
the 
fl_g 
i. 
teat.d 
., 
,. 
in 
the 
d •• lred 
In.truction 
.equence 
., 


rael) 
EXTRN 
PLMRBG 
.10ng 


c.eg 


PUBLIC 
DMPY 


DMPY. 
POP 
PLMREG+4 
POP 
PLNRaG 
MUL 
PLMREG, 
rl')+ 


aa 
(PLNaBG+CI 
aND 


J 
Load 
return 
addre 
•• 
, 
Load 
one 
oper_nd 
, 
Load 
•• cond 
operand 
and 
incr 
••• 
nt 
8' • 


inter 


Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. 
The actual 
code listings are 
shown in Appendix A. 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as weBas how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


HIGH 
TIME. 
da. 
LOW 
iIMZ. 
eta. 
PERIODI 
da. 
HI 
BOGB. 
da" 
LO:ZDGB. 
daw 


LO 
LOS 
LOS 


val 
t I 
ADD 
JSS 
JSC 


contln. 
LOS 


LO 


JSS 


hel -10. 
S~ 
SUS 
S. 


hel -hi. 
S~ 
SUS 
S. 


aND 


8P, 
'1008 
lOCO, 
.000000018 
B81_Mooa, 
'000011118 


' •• JOO, 
HJGH 
TIMa, 
LOW 
TIMS 
J081, 
6. 
contin 
J 
If 
PIPO 
1. 
fUll 
1081, 
7, 
valt 
,W.lt 
while 
no 
pul 
•• 
1. 
enter.d 


Load 
atatu., 
.ote 
that 
r •• dln9 
R81_TIMB 
cl •• r. 
HBI_STATUS 


J 
Load 
the 
BII_TtMB 


• 
Ju.p 
If 
881.0 
1. 
high 


ax, 
LO 
aOGI 
BIGH 
TIMB, 
LO 
BOGB, 
HI 
aoGB 
"alt- 


ax, 
HI 
BOGB 
LOW 
TIMa, 
81 
BDOB, 
LO_aOGB 
valt 


inter 


transmission control. The HSI unit is used extensively 
in the example in section 4.3. 
HSO line not change so quickly that it changes twice 
between consecutive reads of I/O Status Register 0, 
(IOSO). 


Although. the HSO has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the re10catable linker for the 8096. 
Information 
for using RL96 can be found in the 
"MCS-96 Utilities Users Guide",listed 
in the bibliogra- 
phy. In order for the program to link, the register dec- 


$1'It'LB 
(' 
••• 881.1..1' 
•• 
"HAMCSD 
HII 
PULsa 
aoU'I'IN8') 


$INCLUOSCOSHO".INCI 


RSSG 
,,~ 
UK 


TIM 
•• 
LAST 
RISB. 
LAST-PALLa 
HSI 
80. 
losl 
BAa. 
'8RJOo. 
LOW 
71MB. 
HIGH 
'l'IMB. 
COUMi. 


0··9 
ot 


1 nl t I 
LO 


Loa 


Loa 
Loa 


".1 t I 
ANoB 
ORa 


Jac 


ANDB 
LO 


Jas 
Jas 
aa 


0 - r 1 •• 
I 
sua 
sua 
LO 
aR 


0 -f.ll. 
sua 
sua 
LO 


incta.ant. 
INC 


no-cnt: 
aR 


EKO 


DSW 
1 
OS" 
1 
OSN 
1 
osa 
1 
osa 
1 
OSN 
1 
OSN 
1 
OSN 
1 
OSN 
1 


•• 
t 
hal.t 
-, 
bal.D 
+ 
anabl. 
bat 
0,1 
1'2 
CLOCa·,.2CLI., 
'1'2•• ,..,.2 •• '1' 


Cl 
•• r 
tl •• 
r2 


Cl.ar 
1081 
8AI.7 
Stora 
into-t.ap 
to 
ayoid 
cl •• rtn9 
other 
flag. 
which 
•• , 
be 
n •• ded 
If 
hat 
•• 
not 
triggered 
then 
1uap 
to 
,,.It 


881_10,881_81'A1'U8,IOI010101. 
!'IMB, 
881_"1"8 


881 
80,0 
•• 
rt •• 
881-.0,2,.-fal1 
no_cnt 
- 


LOW_TIMB, 
1'1"8, 
LAST 
PALL 
PBRJOO, 
"JM.,LAS~ 
RIS. 
LAS~ 
RISE, 
~IMB 
- 


lnc::r ••• 
nt 


HIGH 
TIMa, 
TIMS, 
LAST 
RISB 
P8RIOD, 
TIMB,LAST 
PALL 
LAST_PALL, 
TIMB 
- 
• 


HSO 
ON 
as 
OS" 
HSO-OP' 
as 
OS" 
H50-ON 
I • 
OS" 
HSO-Orr 
1 
• 
OSW 
OLO=ST"is 
d.b 
NaV_STAT. 
4.b 


LD 
LD 
LD 
LD 
LD 
AMO. 
XO". 


• tore 
.tats 
- 
AHoB 
CMP. 
JII 
XO •• 


check 
0 s 
J8C 
J8S 


.et_on 
01 
LD8 
ADD 
8R 


check 
I, 
J8C 
J8S 


•• t 
on 
1. 
LD8 
ADD 
8R 


•• ,'1008 
HSO 
OW 0, 
,100R 
HSD-Opi 
O. 
'4ooH 
H50-OII I, 
'210H 
HSO-OPr 
1, 
'2'OB 
OLD-STAi, 
10SO, 
,OPH 
OLo:S,.",., 
,OPH 


S.t 
initial 
value. 
Note 
that 
ti ••• 
au.t 
be 
long 
enough 
to 
.110w 
the 
routine 
to 
run 
efter 
.ach 
11 ••• change. 


por 
opperation 
with 
Interrupts 
'atore 
.tat:' 
vould 
be 
the 
entry 
point 
of 
the 
routine. 
- 
Not. 
that 
a 
01 
or 
PUSHP 
alght 
have 
to 
be 
a4ded 
• 


Na" 
S,.AT, 
10SO, 
,oPH 
OLO-STA", 
NEW_S,..T 
valt 
OLD_S,.",., 
NBV_STAT 


HSO 
COMMAND, 
'00110000. 
HSO-TIME, 
TIMEal, 
HSO_OFr 
0 
check 
1 


S~t 
"SO 
for 
tieerl, 
•• t 
pin 
0 
Tia. 
to 
.et 
pin· 
Tleerl 
y.lu~ 
• 
Tla. 
for 
pin 
to 
b. 
low 


s.t 
HSO 
for 
tle.rl, 
cl.ar 
pin 
0 
Tie. 
to 
cl.ar 
pin. 
Ti.erl 
value 
• T.a. 
for 
pin 
to b. 
high 


HSO COMMAND, 
'00110001. 
HSO-TIME, 
TIM •• l, HIO 
OPP 
check_done 
- 


s.t 
HSO 
for 
tl •• rl, 
cl.a, 
pin 
1 
'1'1 
•• 
to 
cl •• r 
pin. 
Tl •• cl 
yalu. 
• 
'1'1•• 
for 
pin 
to 
b. 
high 


Listing 3-8. Generating a PWM with the HSO 


6-30 


intJ 


laration section (i.e., the section between "RSEO" and 
"eSEO") in Listing 3-8 must be changed to that in 
Listing 3-9. 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


NOTE; 
Use 
this 
f11. 
to 
replace 
the 
declaration 
aectlon 
of 
the 
HSO 
PMM 
pro9c 
•• 
fro. 
·$INCLUOEfDEM096.IMC}- 
throuqh 
the 
line 
prior 
to 
the 
label 
·valt-, 
Alao 
chanqe 
the 
l.at 
branch 
in 
the 
pro9c 
•• 
to 
• 
-R8T-. 


D 
5'1'A1' 
1 
.iten 
.xten 
exten 
•• ten 
•• ten 


1 
RSO 
or' 
0 
tvord 
Hso-orr-t 
twoed 
HSO-COMMAND 
,byte 
1050 
tbyte 


058 
RSO 
OM 
0 
.word 
"50-0"-1 
: word 
"SO-TIME 
tword 
1'lMERl 
Iword 
SP 
Iwoed 


public 
OLD 
STAT 
OLD 
STATz 
- 
d.b 
NEW:'S'!'''''' 
dab 


PUBLIC 
PU8LIC 
PUBLIC 
PUBLIC 


HSO 
ON 
0 
, 
HSO 
or, 
0 
H80-0N-1 
, 880-0"-1 
HSO-TIME 
, 
HBO-COMMAND 
SP 
: 
TIMS.l 
, 
10SO 


HSO 
ON 
01 
NSO-OPF 
O. 
HSo-ON 
I. 
NSO-Orr 
I. 
count, 
- 


EX,. ••• 
".1 t 
tentry 


• t r t. I 
01 
LO 
8P, 
'100B 
ANDa 
OLD - 


S'fA'!' 
, 
1010, 
'orB 
IOR8 
OLD - 
SorA'!' 
, 
10rB 


t n l t l al 
I 
LO 
CI, 
,0100B 


loopa 
LD 
AI, 
11000B 
SU8 
.., 
AI, 
CI 
LO 
AI, 
CI 


sT 
AI, 
BSO -ON 
0 
ST 
81, 
BSO -or. -0 


• 


inter 
AP-248 


SRa 
A.X"1 
SRa 
BX,'l 
ST 
AX, 
RSO 
ON 
1 
87 
8X, 
Hso:orr_l 


CALL 
••• It 


IHe 
ex 
eM' 
ex, 
,GOrGOR 
8NI 
loop 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program the HSO to reset Timer 2 when Timer 2 
equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of TI RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.l pin to 
clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and TICLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequenceof events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.I as the input to Timer 2, instead of TI 
CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


HSI.l 
OR T2CLK 


TIMER 2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERloo 


HSI.O OR T2RST 


RESETS 
TIMER 
2 ANOIOR 
CAUSES 
INTERRUPT 


inter 


that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSI.O can be used to perform any soft- 
ware·task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


Mode I of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance 
is required then any standard 
RS-232 
driver can be used. 


CRRr 
dab 
1 
8PT!"': 
dab 
1 
1'EM'O I 
dab 
1 
TEMPI: 
d.b 
1 
ReV_FLAGr 
dab 


Dew 
aet 
port_lnt 


caeg 
at 
20108 


•• 
1' 
port 
inti 
- 
PUSHP 
I'd 8galnl 
- 
LDB 
ORB 
ANO. 
3MB 


SP'!'BM., 
S'S'I'AT 
T8 ••PO, 
8PTB", 
SPTBMP.,OllOOOOOB 
c4_again 
••• 
p.at 
until 
TI 
and 
RI 
are 
properly 
cleared 


Thi ••• 
ctlon 
of 
code 
can 
be 
replaced 
with 
·0 •• 
TEMPO, 
S' 
STAT- 
when 
the 
•• rlal 
port 
TI 
and 
.1 
bug. 
are 
fl •• 4 


get 
byte. 
J8C 
'I'I:"PO, ,, put -byte 
ST8 
SBUP, 
CHR 
ANDI 
1'EMPO, 
1101111118 
L08 
ReV_FLAG, 
10F," 


put 
byte. 


J8C 
ReV 
rLAG, 
0, 
continue 
JaC 
TEMPO, 
5, 
continue 
L08 
SBur, 
CHR 


ANDB 
1'!MPO, 
1110111118 


ANDB 
CHit, 
1011111118 
CMU 
CHRt'ODR 
JME 
elr 
rev 
L08 
CHR: 
10AR 
SA 
continue 


elr 
revi 
CLlta 
ReV_FLAG 


continue. 
PO., 
RU 


8110 


If 
RI-teap 
1. 
not 
.et 
Store 
byte 
CLR 
RI-teap 
Set 
bit-received 
fl.~ 


If 
receive 
fl.g 
1. 
cl •• ~.d 
If 
'1'1 w •• 
not 
eet 
Send 
byte 
CLR 'I'I-t •• p 


XIIIT DATA 


(TO RS232 
PIN 3) 


Rev 
DATA 


(FROM 
RS232 PIN 2) 


inter 


The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 
scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC ftIter on each 
input. A 1000. resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED 
SOFTWARE 
EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


really make use of its full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. 
Simultaneous 
1/0 Routines under 
Interrupt Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


RESULT 
TABLB, 
RESULT 
I. 
IItSUL"-2 
I 
RESULT-li 
RESOL1': •• 


MOP 
MOP 
check 
I 
JaB 


ADD. 
LOBI!: 
ST 


DL, 
aL, 
8L 
ox, 
DL 
AX, 
RSSULT 
,.ABLB(DX) 
• 


order, Port I output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first AID interrupt to occur just after the 
Interrupt 
Mask register is set and interrupts are en- 
abled. 


The initialization section, shown in Listing 4-1a, clears 
a few variables and then loads the frrst set of on and off 
times to the HSO unit. Note that 8 state times must 


J 
This 
pcoqr 
•• 
will 
provide) 
PMM 
output. 
on 
HSO 
pin. 
0-2 


J 
and 
one 
on 
the 
,WH. 
, 


I 
The 
PM" 
v.lu 
•• 
are 
deter_lned 
by 
the 
input 
to 
the 
AID 
converter. 
, 


J 
II 
II 
fl. 
I" 
II. 
I """1111"'" 
J 1"""""'11 
r I1II 
fIr 
II 
r IIII 


ON 
7IMEa 
PW" 
TIME 
1. 
DSM 
H5o-ON 
01 
OSM 
H50-0N-11 
DSM 
850:0M:21 
DSM 


RESULT 
TABLE, 
RESULT 
0. 
RESULT-I. 
RESULT-', 
RESUL'I':3 
I 


NXT 
OM 
,.. 
NIT-O" 
O. 
NI,.-or'-1. 
NI"-O"-'. 
cauiTs 
- 
AD 
NUMI 
THP. 
HSO 
PEI, 
LAST_LOADJ 


AT 
2000N 


Dew 
.tart 
• 
Tl •• 
r_ovf_lnt 
Dew 
At04 
done 
lnt 
Dew 
atart 
I 
851_4.t._lnt 
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The HSO routine shown in Listing 4-lb is slightly dif- 
ferent tilan the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-off-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timer! 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the off 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the fIrst line to turn 
off does so, causing the off-times for all of the lines to 
be loaded. For two of the lines there will be an offtime, 
an on-time, and the just loaded off-time. The other line 
(the one that just turned oft) will have only the on-time 
and the just loaded off-time. 


AID conversions are performed by the code in Listing 
4-lc about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The AID routine sets up the 
HSO and PWM on and off times. Since tile AID 


has a ten bit output, the most signillcant 8 bits are 
rounded up or down based on the least signillcant two 
bits. 


4.2. 
Software 
Serial Port Using the 
HSIO Unit 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board DART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard 100bitasyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least signifIcant bit fIrst. The STOP bit is 
set to the opposite state of the START bit to guar- 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to this code: 
I. Interface routines. These routines provide a proce- 
dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 
2. Initialization routine. This routine is called during 
the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 
service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


4. Receive ISRs. There are two ISRs involved in the 
receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt, this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 
the routines which make up the software serial port. 
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The table also shows the declarations for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


stored the START and STOP bits are added to the data 
bits. The routine char-in is called when the applica- 
tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is availableat the port 
before calling char_in. (If no character is available 
char_in will wait indefinitely). 
The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char_out, which waits for 
any in-process transmission to complete and stores the 
character into the variable serial_out. As the data is 
The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 


I 
:h:~i:::'c~.r.ct.r to 
the 
aoft.ara 
•• rl~l port 


J 
pop 
pop 
ldb 
odd 
.alt 
for_xaltl 
e_p 
bno 
ot 
br 


the 
return 
a4dr 
••• 
the 
character 
for 
output 
add 
the 
etart 
and 
atop 
bit. 
to 
the 
char 
and 
1 •• ve 
•• 
l' 
bit 


c. 
b. 
(b •• ll.IOlh 
bx,bx 


•• rlal 
Gut,O 
.alt 
for 
•• it 
bx,.irlaI 
out 
(c.) 
- 


.alt 
for 
•• rlal 
out-O 
(It 
will 
b. 
cl •• rad 
by 
the 
hao 
interrupt 
proc 
••• 
) 
put 
the 
for 
•• 
tted 
character 
In 
•• rial_out 
return 
to 
caller 
I 
cat 
•• 
r 
•• turne 
-tru.- 
(•• <>0) 
if 
char_In 
ha •• 
charactar. 
I 
clr 
bbc 
Ine 
eat ••• 
It, 
rot 


a. 
ro.e_8t8t.,0,cat8 
__ .1t 
a. 


I 
char 
Ina 


J 
Cet 
• 
character 
fro. 
the 
aoft 
•• re 
•• rlal 
port 
I 


bbe 
puahf 
."db 
Idb •• 
popf 
rot 


r 
•• 
tt 
for 
co •• 
atate,O,char 
In 
- 
,- •• t 
up 
• 
ce ••• 
tate,'noterJlrdy) 
a1,coY._buf 


I 
•• tup 
•• rlal 
porta 


J 
Call.d 
on 
iy.t 
•• 
t ••• 
t 
to 
lntlat. 
the 
.oft.ar 
••• 
rlal 
port. 
I 
pop 
pop 
ld 
ld 
dlyu 
ot 
at 
ldb 
bbo 


odd 
ldb 
ld 
elrb 
elrb 
elrb 
call 
br 


the 
r.turn 
addc 
••• 
the 
baud 
rat. 
(In 
4.cl.al) 
4 •• a •• -500,000 
Ca •• u••• 
12 
Mh. 
cryatal) 


c. 
b. 
d •• IOOOlh 
a."oA120h 
a.,b. 
a.,baud 
count 
O, •• rlal 
out 
10cl,,01IoOoOOb 
10ao,6,' 


cl •• r 
•• rlal 
out 
anabl. 
8.0.5 
and 
YJld 
.alt 
for 
roo. 
In 
the 
880 
CAN 
• 
and 
1 •• u •• 
NA •• ·co •• and. 
tad 
ti •• 
,tl •• cl,2. 
h.o-co 
•• and".ark 
co •• and 
h.o-ti 
•• ,tJld 
ti •• - 
rcve_but 
- 
• 
cl.ar 
out 
the 
recei 
••• 
ariable. 
ro.e 1'.' 
rc •• -.tate 
init-recei.e 
(c.)- 


inter 


stack; it calculates the bit time from the baud rate and 
stores 
it in the 
variable baud_count 
in units 
of 
TIMER I ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine init_receive is called to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out regis- 
ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and 
two 
interrupt 
service 
routines, 
hsi_isr 
and 
software_timer _isr. The listings of these routines are 
shown in Listings 4-6a,4-6b, and 4-6c respectively. The 
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ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against ~ noisy line). 
The software timer service routine uses the variable 
rcve----state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character has been re- 
ceived it is moved to the receive buffer and init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 
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pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vemitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing their motors 
with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 
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4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 
XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge'in both directions is lost. 


- 
. 
rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor filters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 


NOTES: 
Phase A' is Phase A clocked by Phase S 
Phase S' is Phase S clocked by Phase A 


inter 


some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 
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motor would decelerate smoothly until the time be- 
tween encoder edges was around 100 microseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port 1 is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, I and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 P1.1 
Mode 
Description 
0 
0 
0 
HSllooks 
at every edge 
1 
0 
1 
HSI looks at Phase A edges only 
0 
1 
2 
Timer 2 used instead of HSI 
1 
1 
2 
(alternate 
form of above) 


The example is easiest to see if mode 2 is described fIrSt, 
followed by mode 1 then mode o. In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_mode_I. Starting with in_mode_2 the counter is 
incremented or decremented based on bit zero of DI- 
RECT. If DlRECT.O = 0 the motor is going back- 
ward, if it is a 1 the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode 1. If not the routine returns to the code it 
was running when the interrupt occurred. 
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0 
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'fIMB 
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I 
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ZERO, 
HSI 
TIME 
10s1 
bak,'01111111B 
10s1-bak,ioal 
10al=bak,1,elr_hsi 


If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.O and HSI.1. Both 
of these lines are connected to the same encoder line, 
with HSI.O looking for rising edges and HSI.I looking 
for falling edges. The HSI_TIME 
register is read to 
speed up clearing the HSI FIFO 
and the LASTl_ 
TIME value is set up so the mode I routine does not 
immediately put the program into another mode. The 
HSI FIFO 
is then cleared, the Timer 2 value used 
throughout 
this routine is saved, and the routine re- 
turns. 


This routine still runs in modes 0 and I, but in an 
abbreviated form. The section of code starting with the 
label in_model checks to see if the pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode I to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode I if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode I 
to mode 0 elinlinates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode I or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and I share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode I) is 
• 


NOTES: 
Mode 
0: HSI Examines 
edges 
on Phase A and B 
Mode 
1: HSI Examines 
edges 
on Phase A only 
Mode 
2: TIMER 
2 stores 
edgecount 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode I routine. 
Before any calculations are done in Mode I, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode I. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mqde 2 
should be set, Port 1.1 is set, all of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LASTJTATis 
cleared. LAST_STAT 
= 0 is used as 
a flag to indicate the first HSI interrupt in Mode 0 after 
Mode I. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION.The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
I, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LASTl_TIME 
and 
LAST2_TIME variables are updated so a reference to 
the pulse frequency will be available. These are the 
same variables used under Mode 1. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode I, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 
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After mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the LAST_STAT 
(Last 


Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode 1 done_chk 
routine is used 


to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 
The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer I. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold_Posi- 
tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but, have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold_Position 
mode power is eased onto the 
motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 
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error does not get smaller. Once the error does get 
smaller, usually because the motor starts moving, 
BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096has proper control of the motor. In 
the example the worst that can happen is the proto- 
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type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined 
next and the power and direction 
are 
changed in adjacent instructions with interrupts 
dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
1 is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 


J 
I fIJII" 
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J 
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orb 
chk_tl: 
jbe 
lne 
andb 
t.(_lnt_~g~f: 
r. t 


10al 
bak,IOSl 
loal-bak,S,t.r 
lnt 
done 
tl.e+2 
l081_bak,fllOlllllB 
I 
cl.ar 
bit 
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J 11111111111 
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IIIIIII 
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I. 
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.oft 
t_r 
lntl 
- 
puahf 
orb 
chk 
a"tO; 
- 
j be 
.ndb 
ehk 
a"tl9all 
- 
jbe 
.ndb 


chk 
a"t2~·11 
j be~~n 
chk 
."t); 
jbe 
.ndb 
call 


a"t 
lnt 
don.; 
poptr. t 


10al_bak,IOSI 


loal 
bak,O,chk 
avtl 
10al-bak,,11111110B 
, 
Clear 
blt 
- 
end 
avtO 
avtO=explred 
loal 
bak,l,chk 
avt2 
10al-bak,.1111IIOla 
, 
Cl.ar 
blt 
avtl=: •• Plr.d 


loal 
bak,2,chk 
avt) 
1~f~~~:~!'~AIIIOI18 
I 
Cloor 
bit 
2 


loal 
bak,.,avt 
tnt 
done 
ioal-bak"lllllilli 
, 
CI.ar 
bit) 
avtl= 
•• ptred 
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,,, 
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• .,t2 
e.pired, 
puahf 
Idb 
odd 


portl,fOOOOOlOOI 
out 
ptr,17tfH 
pulilng 
out_ptr,flfOH 


• .,t2 
donel 
- 
sub 
c.p 
jnh 


t.pl,tl 
•• 
rl,l 
•• tl 
ti •• 
tapl,lllOOB 
- 
avt2_ret 
, 
keep 
(tlae_l 
•• t4_tlae)<7000H 


odd 
• .,t2 
ret: 


andb 
popf 
rot 


1 •• tl_tlae,'lOOOH 


portl"lllllOlll 


The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LASTl_Time 
within 1800H 
of Timer! to prevent overflows from occurring when 
the Mode 0 and Mode I software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the fust page of the listing. With 
the motor 
used in our experimentation, 
pulses are 
missed from time to time when direction 
changes 
quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode I to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and 0 to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized thoroughly at first, 
and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 
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ACH1 
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VREF 


ANaND 


VBB 


one contains the odd bytes, and the addressing is not 
fully decoded. This means that the addressing on a 
2764 will be such that the lower 4K of each EPROM is 
mapped 
at 
OOOOHand 
4000H 
while 
the 
upper 
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Pl.1 


51 
P1.2 
•• 
P1.3 
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HSO.2 •• 
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43 


4K is mapped at 2000H. If the program being loaded is 
16 Kbytes long the first half is loaded into the second 
half of the 2764s and vice versa. A similar situation 
exists when using 27128s. 
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This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. One may also want to enhance the 
system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O techniques, (i.e., address decoders and 
latches), at the appropriate addresses. If no external 
RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 
If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insite Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the 8096 and its hardware 
and software development tools. 
. 
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SOURCE 
FILE 
F3 
INTERI 
A9b 
OBJECT 
FILE 
F3: INTERI 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND. 
NOSB 


0022 


0022 
0024 
002b 
0028 
0028 
~ 
002A 
002C 
.•. 
002E 
-l 
0030 
AI 
ep 
D' 
CD 
<J1 
•... 
2080 
CD 
00 
2080 
AI000118 
'11:' 
C 
'tI 
2084 
B0221C 
2087 
18031C 
208A 
71FEIC 


208D 
ACICIC 
2090 
A31D002124 


LINE 
I 
2 
3 
4 
=1 
5 
=1 
53 
54 
55 
5b 
57 
58 
59 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
7' 
7b 
77 
78 
79 
80 
81 


SOURCE 
STATEMENT 
$TITLE('INTERI 
A96: 
Interpolation 
routlne 
1') 
.; ; ;i;, 
8096 
Ass.mbl~ code 
for 
t.ble 
lookup 
and 
interpolation 


.INCLUDEl:FO:DEM09b.INC) 
; Include 
demo 
definition. 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


IN_VAL: 
d.b 
I 
Actual 
Input 
Value- 
TABLE_LOW: 
d••• 
I 
TABLE_HIQH: 
d••• 
I 
IN_DIF: 
d••• 
1 
Upper 
Input 
- 
Lo",er 
Input 
IN_DIFB 
e'lu 
IN_DIF 
:bVh 
TAB _DIF: 
d••• 
1 
Upper 
Output 
- 
Lower 
Output 
OUT: 
d••• 
I 
RESULT: 
d••• 
1 
OUT _DIF: 
d.1 
1 
; 
Delta 
Out 


AL. 
IN_VAL 
AL. .3 
AL. 
.lllll 1I0B 


Load 
temp 
with 
Actual 
Value 
Divide 
the bvte 
bV 8 
Insure 
AL 
is 
a 
word 
.dd~.ss 
Thll 
effectivelv 
divide. 
AL 
bV 2 
so AL = IN_VAL/lb 


LDB 
SHRB 
ANDB 


LDBIE 
AX. AL 
Lo.d 
bVte AL 
to ••ord AX 
LD 
TABLE_LOW. 
TABLE 
lAX] 
TABLE_LOW 
II lo.ded 
••Ith the v.lue 
in 
the 
table 
at 
table 
location 
AX 


209A 
4B24262A 


209E 
510F222B 


20A2 
AC2B2B 


20A:l FE4C2A2B30 


20AA 
OE0430 


~ 
20AD 
4424302C 
~ 
~ 
2091 
OA042C 
cr 
2004 
A4002C 
CD 
b 
2007 
C02E2C 
(l) 
0 
a, 
,.;' 
200A 
27CB 
C 
0 
'tI 
'§ 
2100 


a.. 
2100 
000000200034004C 
:J 
210B 
005D006A0072007B 
c 
(l) 
2110 
0070007D0076006D 
.B 
211B 
005D004B00340022 
2120 
0010 


LD 
TABLE_HIGH. 
(TABLE+2)[AXl 
; TAOLE_HIGH 
i5 
loaded 
••ith 
the 
value 
in the 
table 
at 
table 
location 
AX+2 
(Th. n•• 
t 
v.lu. 
in th. t.bl.) 


IN_DIFB=least 
significant 
4 bits 
of 
IN_VAL 
Load 
b~te 
IN_DIFB 
to ••ord 
IN_DIF 


Output_difference 
= 
Input_differ.nce*Table_difference 
OUT_DIF •• 4 
j 
Divide 
b~ 
16 
(2**4) 


OUT. 
OUT_DIF. 
TABLE_LOW 
Add 
output 
dlfference 
to 
output 
generated 
WI th 
truncated 
IN._VAL 
as 
input 
OUTI 
*4 
Round 
to 
12-b i t 
answer 
OUT, 
zero 
Round 
up 
if 
Ca"r~ 
;;:: 


DCW 
OOOOH. 
2000H. 
3400H. 
4COOH 
; A random 
function 
DCW 
:lDOOH. 6AOOH. 
7200H. 
7BOOH 
DCW 
7BOOH. 
7DOOH. 
7600H. 
6DOOH 
DCW 
:lDOOH. 4BOOH. 
3400H. 
2200H 
DCW 
1000H 


SOURCE 
FILE 
F3 
INTER2 
A96 


OBJECT 
FILE 
F3 
INTER2 
DB,) 
CONTROLS 
SPECIFIED 
IN 
INVOCATIUN 
COMMAND 
NOSe 


0024 


0024 
0026 
~ 
0028 
~ 
002A 


-I 
002A 
III 
002C 
en 
17 
002E 
~ it 
0030 
Ii" 
0~ 
2080 
C" 
I\) 
2080 
AI000118 


2084 
B0241C 
2087 
18031C 
208A 
71FEIC 


2080 
ACICIC 


2090 
A31D002126 


2095 
A31D222128 


LINE 


I 
2 
3 
4 
5 
6 


~I 
7 


=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


$INCLUDEC.FO:DEM096 
INC) 
• 
Include 
demo 
defln,t,ons 
$nolist 
Turn 
listing 
off 
for 
Include 
file 
End 
of 
Include 
file 


IN_VAL 
TABLE_LOW: 
TABLE_INC· 
IN_DIF: 
IN_DIFB 
OUT: 
RESULT. 
OUT_DIF 


1 
1 
1 
1 
IN_DIF 
1 
1 
1 


Actual 
Input 
Value 
Table 
value 
for 
functIon 
Incremental 
change 
In 
function 
Upper 
Input 
- 
Lower 
Input 


CSEG 
at 
2080H 


LD 
SP. 
.IOOH 
Initialize 
SP 
to 
top 
of 
reg 
hie 


look: 
LOB 
AL. 
IN_VAL 
Load 
temp 
••Ith 
Actual 
Value 
SHRB 
AL. 
.3 
DIvIde 
the 
b~te 
b~ 
8 
ANDS 
AL • • 11111110B 
; 
Insure 
AL 
15 
a 
word 
address 
This 
effectivel~ 
dIvides 
AL 
b~ 
2 
50 
AL 
= 
IN._VALli6 
LDBlE 
AX. 
AL 
Load 
b~te 
AL 
to 
word 
AX 


TABLE 
INC '5 loaded 
••ith 
the 
value 
in 
the 
Increment 
table 
at 
location 
AX+2 


~ 
~-i 
II 
!Z 
CDr- 
0 
Ol 
0 
m ~c 
I\) 
'a 
N 
0 
0 
3-. 
::3 
C 
CDB 


2100 
2100 
0OOOOO200034004C 
2108 
005DOObA00720078 
2110 
007B007D007bOObD 
2118 
005D004B00340022 
2120 
0010 
2122 
2122 
0002400180011001 
2i2A 
D0008000b0003000 
2132 
200090FF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


; 
IN_DIFBc1ea.t 
significant 
4 
bit. 
of 
IN_VAL 
Load 
bvte 
IN_DIFB 
to ~ord 
IN_DIF 


MUL 
OUT_DIF, 
IN_DIF. 
TABLE_INC 
I 
Output_difference 
Input_d1f'.~.nc.*Increment.l_ch.ng. 


ADD 
OUT, 
OUT_DIF, 
TABLE_LOW 
I 
Add 
output 
diff.r.nce 
to 
output 
g"nerated 
~ith 
trunc.ted 
IN_VAL 
as 
input 
SHR 
OUT, 
114 
Round 
to 
12-bit 
Answer 
ADOC 
OUT. 
zero 
Round 
up 
if 
Carry 
= 


no_ine: 
ST 
OUT, 
RESULT 
Store 
OUT 
to RESULT 
BR 
look 
Branch 
to 
"look: 
" 


val_table, 


OCW 
OCW 
DeW 
Dew 
DCW 
,nc_table, 
Dew 
Dew 
DCW 
Dew 


OOOOH, 
5DOOH. 
7BOOH, 
5DOOH. 
l000H 


0200H, 
OODOH. 
00020H, 
OFEEOH, 


200OH. 
3400H, 
4COOH 
; A 
random 
function 
bAOOH, 
7200H, 
7800H 
7DOOH, 
7bOOH, 
bDOOH 
4BOOH. 
340OH. 
2200H 


014OH, 
008OH, 
OFF90H, 
OFE90H, 


01S0H, 
OObOH, 
OFF70H, 
OFEEOH. 


0110H 
0030H 
OFFOOH 
OFEEOH 


SERIES-III 
PL/M-96 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 


OBJECT 
MODULE 
PLACED 
IN 
:F3 PLMEXI 
OBJ 
COMPILER 
INVOKED 
BY, 
PLM9686 
F3 
PLMEXI,P96 
CODE 


DECLARE 
IN_VAL 
DECLARE 
TABLE_LOW 
DECLARE 
TABLE_~IGH 
DECLARE 
TABLE_~IF 
DECLARE 
OUT 
DECLARE 
RESULT 
DECLARE 
OUT_DIF 
DECLARE 
TEMP 


DECLARE 
TABLEI171 
OOOOH. 
2000H. 
5DOOH. 
6AOOH. 
7BOOH. 
7DOOH. 
5DOOH. 
4BOOH. 
1000HI; 


WORD 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


PUBLICi 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 
PUBLIC; 


INTEGER 
DATA 
3400H. 
4COOH. 
nOOH. 
790OH. 
7600H. 
6DOOH. 
3400H. 
220OH. 


DMPY: 
PROCEDURE 
IA.B) 
LONGINT 
EXTERNAL; 
DECLARE 
(A.BI 
INTEGER; 
END 
DMPY; 


/* 
If 
"TEMP" 
•••• r*phced 
bV 
"SHRIIN_VAL.41" 
*/ 
/* 
The 
cad. 
would 
work 
but 
the 
8096 
••auld 
*/ 
/* 
do 
two 
.hilt. 
*/ 


_. 


20 
I 
IF CARRY=O 
THEN 
RESULT-OUT, 
/* 
Using 
the 
hardware 
flags 
must 
b. 
done 
*/ 
I I cf 
22 
I 
ELSE 
RESUL T=OUT+I, 
/* 
with 
care 
to 
ensure 
the 
flag 
is 
tested 
*/ 
1* 
in 
the 
d•• ir.d 
in.truction 
se~uence 
*/ 
23 
I 
GOTO 
LOOP, 


/* 
END 
OF 
PLM-96 
CODE 
*/ 


24 
I 
END, 
270061-69 


PL/M-96 
COMPILER 
PI.MEXI: 
PLM-96 
Example 
Code 
for 
Table 
Lookup 
ASSEMBLY 
LISTING 
OF 
OBJECT 
CODE 
• 
~ 
'V 
STATEMENT 
14 
r- 
0022 
PLMEX: 


ill: 
0022 
AIOOOOIB 
R 
LD 
SP.IISTACK 
. 
CD 
0026 
LOOP: 


ell 
0026 
AOOOIO 
R 
LD 
TEMP. IN_VAL 
n 
0029 
OB0410 
R 
SHR 
TEMP.1I4H 
0Q. 
; 
STATEMENT 
I~ 
CD 
002C 
4410101C 
R 
~ 
ADD 
TMPO.TEMP.TEMP 
~ 
0030 
A31DOOOO02 
R 
LD 
TABLE_LOW.TABLECTMPOJ 
)I- 
m 
;:; 
, 
STATEMENT 
16 
'V 
~ 
~ 
. 
m 
003~ 
A31D020004 
R 
LD 
TABLE_HIGH.TABLE+2HCTMPOJ 
N 
)( 
STATEMENT 
17 
.•.. 


'tI 
003A 
4B020406 
R 
SUB 
TABLE_DIF.TABLE_HIGH.TABLE_LOW 
C» 
l»::I 
, 
STATEMENT 
IB 
III 
003E 
CB06 
R 
PUSH 
TABLE_DIF 
0" 
::I 
0040 
410FOOOOIC 
R 
AND 
TMPO.IN_VAL.1I0FH 
0 
0045 
CBIC 
PUSH 
TMPO 
0 
0047 
EFOOOO 
E 
CALL 
DMPY 
3- 
004A 
0E041C 
SHRAL 
TMPO.1I4H 
5' 
0040 
AOIEOE 
R 
LD 
OUT _DIF+2H. TMP2 
c: 
0050 
AOICOC 
R 
LD 
OUT_DIF.TMPO 
(1).9: 
; 
STATEMENT 
19 
0053 
A00220 
R 
LD 
TMP4.TABLE_LOW 
0056 
0620 
EXT 
TMP4 
0058 
641C20 
ADD 
TMP4.TMPO 
005B 
A41E22 
ADDC 
TMP6.TMP2 
005E 
OE0420 
SHRAL 
TMP4.114H 
0061 
A02008 
R 
LD 
OUT,TMP4 
, 
STATEMENT 
20 
0064 
BIFFIC 
LDB 
TMPO.II0FFH 
0067 
DB02 
BC 
.0003 
0069 
l11C 
CLRB 
TMPO 
006B 
eOO03: 


270061-70 


_. 


OObB 
981COO 
CMPB 
RO,TMPO 
t 
OObE 
0705 
BNE 
(10001 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT,TMP4 
0073 
2005 
BR 
@0002 
STATEMENT 
22 
0075 
(10001: 
0075 
A0080A 
R 
LD 
RESULT,OUT 
0078 
070A 
R 
INC 
RESULT 
STATEMENT 
23 
007A 
110002: 


007A 
27AA 
BR 
LOOP 
STATEMENT 
24 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
005AH 
900 
CONSTANT 
AREA 
SIZE 
0022H 
340 
DATA 
AREA 
SIZE 
OOOOH 
00 
STATIC 
REGS 
AREA 
SIZE 
0012H 
180 


OVERLAYABLE 
REGS 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
48 
LINES 
READ 


SOURCE 
FILE: 
:F3:MULT 
A96 
OBJECT 
FILE: 
:F3:MULT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
SOURCE 
STATEMENT 
I 
$TITLE( 
'MULT. APT: 
16*16 
multipI~ 
procedure- 
for 
PLM-96' 
) 
2 
3 
4 
SP 
EGU 
I8H:word 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
c•••g 
10 
11 
PUBLIC 
DMPY 
MUltipI~ 
two 
integers 
and 
return 
a 
12 
longint 
result 
in AX. 
DX 
registers 
13 
E 
·14 
DMPY: 
POP 
PLI1REG+4 
; 
Lo;od return 
.ddress 
E 
15 
POP 
PLI1REG 
; 
Lo;od one 
operand 
E 
16 
MUL 
PLMREG, CSPl+ 
Load 
second 
oper.nd 
and 
increment 
SP 
17 
E 
18 
BR 
CPLI1REG+4l 
; 
Return 
to 
PLM 
code. 


19 
END 


0000 
CC04 
0002 
CCOO 
0004 
FE6E1900 


INPUT 
FILES: 
:F3: PLMEXI. OBJ •. F3' MULT 
OBJ, 
PLM96 
LIB 
OUTPUT 
FILE: 
:F3:PLMOUT.OBJ 
CONTROLS 
SPECIFIED 
IN 
IINOCATJON 
COMMAND' 


ROM(2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 


F3: P!...MEXIOBJIPLMEX) 
12/25/84 


·F3:MULT.OBJ(MULT) 
12/25/84 
PLM96.LIB(PLMREG) 
11/02/83 
>~ 
SEGMENT 
MAP 
FOR 
:F3: PLMOUT. OBJIPLMEXl 
: 


."r- 
TYPE 
BASE 
LENGTH 
ALIGNMENT 
MODULE 
NAME 
~ 
<D 
--------- 
----------- 


Q) 
0 
**RESERVED* 
OOOOH 
OOIAH 
0 
*** 
GAP .** 
OOIAH 
0OO2H 
Do 
REG 
OOICH 
0OO8H 
ABSOLUTE 
PLMREG 
CD! 
REG 
0024H 
OOl2H 
WORD 
PLMEX 


Ol 
:;: 
STACK 
0036H 
OOObH 
WORD 
0, 
*** 
GAP 
*** 
003CH 
2044H 
-..J '" 
CODE 
2080H 
0OO3H 
ABSOLUTE 
PLMEX 
>C 
*** 
GAP 
*** 
2083H 
OOOIH 
" 
AI 
CODE 
2084H 
007CH 
WORD 
PLMEX 
:J 
III 
CODE 
2100H 
OOOAH 
BYTE 
MULT 
O· 
**. 
GAP 
*** 
210AH 
DEFbH 
:J 
0 
0a 
S" 
c: 
(I).e, 


~ 
~ 
'Vr- 
ill:. 
IDen0 
0a. 
III 
~ 
q> 
;:; 
"3 
Ol 
m 
(Xl 
)( 
'0 
III:J 
fIJ0 
:J 
'0 
0:Jc: 
:J 
C 
CDSo 


ATTRIBUTES 
VALUE 
NAME 


---------- 


PUBLICS: 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
002bH 
TABLE_LOW 
REG 
INTEGER 
0028H 
TABLE_HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESULT 
REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2100H 
DMPY 
REG 
LONG 
OOICH 
PLMREG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
lFC4H 
?MEMORY_SIZE 


MODULE: 
PLMEX 


MODULE: 
MULT 


MODULE: 
PLMREG 


SOURCE 
FILE 
F3 
PULSE.A9b 
OBJECT 
FILE 
F3.PULSE.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMANO· 
NOSB 


LINE 
I 
2 
3 
=1 
4 


=1 
52 
53 
54 
55 
5b 
57 
58 
59 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 


0028 


0028 
002A 
002C 
002E 
~ 
0030 
~ 
"Uc:iii 
2080 
CD 
C7l 
~ 
m 
CD 
<0 •• 
2080 
AI0001l8 
lit 
2084 
BI0115 
c: 


Cil 
2087 
BIOF03 
3 
CD 
208A 
442A282C 
::J 
208£ 
3Elb03 
- 
2091 
371bFb 


2094 
BOOblC 


2097 
A00420 


209A 
391C09 


2090 
C03020 
20AO 
482E3028 
20A4 
27E4 


20Ab 
C02E20 


.INCLUDE(DEM09b 
INC) 
Snoli5t 
Turn 
listing 
off 
for 
include 
file 
End 
of 
Include 
fIle 


HIGH_TIME: 
ds•• 
LOW_TIME: 
ds•• 
PERIOD: 
ds•• 
HI_EDGE· 
ds•• 
LO_EDGE: 
ds•• 


LD 
LDB 
LDB 


",.i t: 
ADD 
JBS 
JBC 


contin: 
LDB 


LD 


JBS 


hSl 
10 
ST 
SUB 
BR 


hsi -hi: 
ST 


SP. 
.IOOH 
lOCO. 
.00000001B 
HSI_MODE •• 00001111B 


I 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
b. 
cantin 
If FIFO 
is 
full 
10SI, 
7, 
wait 
j 
Wait 
while 
no 
pulse 
15 
.ntered 


BX. 
LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
walt 


20A9 
48302E2A 
88 
SUB 
LOW_TIME. 
HI_EDGE. 
LO_EDGE 
20AD 
27DB 
89 
BR 
watt 
90 
20AF 
91 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND. 


270061-76 
( 


~:. 
'V 
C;; 


CD 
iI: 


):10 


CD 


"U 


DI 
. 


1/1 


N 


C1l 
C 


••• 


.:... ; 


C» 
0 3 
CD3. 
0 
0:l 
S· 
c: 
(!).9: 


SOURCE 
FIL~ 
~3 
~NHSI 
A~6 
OOJEC r 
FILE 
F3 
ENIlSJ 
OIl.! 
CClNlfWLS 
SPEC [FlED 
[N 
INVlJCAfION COMMArW 
NOSO 


I.INE 
I 
2 
3 


;1 
4 


;1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
:a- 
002A 
in 
002C 


111 
002£ 
~ 
002F 
~ 
0030 
III~ 
0032 
C') 
0034 
CDa. 
0036 
<» 
'"0 
~ 
C 
2080 
iii' 
CD 
~ 
2080 
AI000118 


CD 
III 
2084 
812516 
fit 
C.. 
CD3 
2087 
019903 
CD 
20BA 
010715 
~- 


2080 
717F2F 
2090 
90162F 


2093 
372FF7 


2096 
5155062E 
209A 
AOO428 


5INCLUOE<DEM096. 
INC) 
$nollst 
Turn 
listing 
off 
for 
Include 
file 
End 
of 
Include 
fIle 


cseg 
at 


ini t: 
1.0 


1.00 


LOB 
1.00 


TIME 
LAST 
RISE. 


LAST_FALL· 
HSI_SO. 
10SI_BAK: 
PER 100: 
LOW_TIME: 
HIGH_T IME: 
COUNT 


set 
hsi. 
1 -; 
hsi. 
0 
+ 
Enable 
hSl 
O. I 
T2 
CLOCK;T2CLK. 
T2RST;T2RST 
Clear 
timer2 


Clear 
IOSI_OAK.7 
Store 
into 
temp 
to 
avoid 
clearing 
other 
flags 
which 
ma~ 
be 
needed 
If 
hSl 
is 
not 
triggered 
then 
Jump 
to 
walt 


>~ 
III~ 
=r 
III~n" 
Q, 


"0 
c:ii" 
Cf> 
31: 
-..j " 
I\) 
III 
IIIc:~"3"~.• 
'0 
0~ 
5"c 
ID,e, 


2090 
382EO:5 
88 
JBS 
20AO 
3A2EOF 
89 
JBS 
20A3 
201A 
90 
BR 
91 
20A:5 482C2832 
92 
••-rt se: 
SUB 
20A9 
482A2830 
93 
SUB 
20AD 
A0282A 
94 
LD 
20BO 
200B 
9:5 
BR 
96 
20B2 
482A2834 
97 
••-fall: 
SUB 
20B6 
482C2830 
98 
SUB 
20BA 
A0282C 
99 
LD 
100 
20BD 
101 
increment: 


20BD 
0736 
102 
INC 
20BF 
27CC 
103 
no -cot: 
BR 
104 
20CI 
105 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERRORIS) 
FOUND. 


HSI_SO. 0. a_rise 
HSI_SO. 2. ",_fall 
no_cnt 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST_RISE. 
TIME 
increment 


HiGH_TIME. 
TIME. 
LAST_RISE 
PERIOD. 
TIME. LAST_FALL 
LAsT._FALL. 
T IME 


SOURCE 
FILE: 
·F3:HSoDRV. 
A9b 
oDJECT 
FILE: 
·F3:HSooRV.oBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND. 
NoSD 


> 
1» 
0028 
."~~ 
(l) 
C 
0028 
~ 
IIJ 
(oJ 
:;- 
002A 
ca 
002C 
- 
002E 
~ 
CD 
0030 
:I: 
Ul 
2080 
0 


2080 
FA 
2081 
AIOOOl18 
2085 
510FI500 
2089 
950FOO 


208C 
208C 
AIOOOl22 


2090 
AIOOIOIC 
2094 
48221C20 
2098 
A0221C 


LINE 
1 
2 
3 
4 
5 
b 
7 
8 
9 
10 
II 
=1 
12 


=1 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
E 
78 
E 
79 
80 
81 
82 
83 
84 
85 
8b 
87 


PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


HSo_ON_O 
HSo_oFF_O 
HSo_oN_I 
HSO_oFF_I 


HSo 
TIME 
HSO_CoMMAND 
SP 
, TIMERI 
• 
1050 


UNCLUDEI 
DEM09b. INC) 
$nollot 
Turn 
lloting 
off 
for 
Include 
file 
End 
of 
Include 
file 


HSo_ON_O: 
do •• 
HSo_oFF_O: 
d••• 
HSo_ON_I: 
d••• 
HSO_oFF_I: 
d••• 
count: 
d.b 


SP. 
.100H 
OLD_STAT. 
1050, 
.OFH 
OLD_STAT. 
.OFH 


AX. 
.IOOOH 
BX. 
AX. 
ex 
AX. 
CX 


DI 
LD 
ANDB 
XoRB 


209B 
C0281C 
209E 
C02A20 


20AI 
0801lC 
20A4 
080120 
20A7 
C02CIC 
20AA 
C02E20 


20AD 
EFOOOO 


20BO 
0722 
2082 
89000F22 
20B6 
D7D8 


20B8 
27D2 
~ 
20BA 
~ 
"U 
ASSEMBLY 
COMPLETED. 
~ 
iI: 
c: 
IIIS- 
IC 
en - 
~ ~ 
.I>- 
CD~ 
tJ)0 
0 
03- 
5·c 
CD.e, 


5T 
AX. 
H50_0N_0 
5T 
BX. 
H50_0FF _0 


5HR 
AX. III 
5HR 
BX.1l1 
5T 
AX. 
H50_0N 
1 
5T 
BX. 
H50_0FF -1 


CALL 
wait 


INC 
CX 
CMP 
ex. 
llOOFOOH 
BNE 
loop 


BR 
initial 


END 


SOURCE 
FILE 
F3:HSOMOD 
A9b 
ODJECT 
FILE. 
·F3:HSOMOD 
ODJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMI1AND. 
NOSD 


~ 
~ 
'tI 
::e 
iil:c 
III 
:i" 
CO 
(1) :r 
~ 
(1\ 
CD 
:z: 
0000 
en0 
0000 
0 
0:J~ 
:J 
C 
CD.e: 


0001 
0002 


0000 


0000 
3EOOFD 
0003 
FD 


SOURCE 
STATEMENT 
STITLEC 
'HSOMOD. A96: 
B096 
PWM 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
SPAGEWIDTHCI301 


LINE 
I 
2 
3 
4 
5 
6 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IB 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
3B 
39 
40 
41 
42 
43 
44 


This 
program 
••ill 
provide 
3 PWM 
outputs 
on 
HSO 
plns 
0-2 
Th. 
input 
p.r.met.r~ 
pass.d 
to 
the 
program 
are: 


NOTE: 
Use 
this 
file 
to replace 
the 
declArAtion 
.ection 
of 
the 
HSO 
PWM 
progrAm 
from 
".INCLUDECDEM096. 
INC)" 
through 
the 
line 
prior 
to 
the 
label 
"wait", 
Also 
change 
the 
last 
branch 
in 
the 
program 
to 
a 
"RET", 


D_STAT: 
eltrn 
eltrn 
eltrn 
extrn 
eltTo 


DSB 
HSO 
ON_O 
:••ord 
HSO_ON_1 
:word 
HSO_TlME 
:word 
TlMERI 
:word 
• 
SP 
:word 


I 
HSO_OFF 
0 
.word 
HSO_OFF _I 
:word 
HSO_COMMAND 
:bVte 
1050 
: bVh 


public 
OLD_STAT 
OLD_STAT: 
d.b 
NEW_STAT: 
d.b 


For 
opperation 
with 
lnterrupt. 
'store_stat.' 
would 
be 
the 
; entr~ 
point 
of 
the 
routine. 


Note 
that 
a DI 
or PUSHF 
might 
have 
to 
be 
added 


0004 
45 
store_stat: 


0004 
:lIOFOO02 
E 
46 
ANDB 
NEW_STAT. 
IOSO. 
IIOFH 
i 
Store 
new 
status 
of HSO 
0008 
980201 
R 
47 
CMPB 
OLD_STAT. 
NEW_STAT 
OOOB 
DFF3 
48 
-.IE 
wait 
OOOD 
940201 
R 
49 
XORB 
OLD_STAT. 
NEW_STAT 
50 
:II 
0010 
52 
check_O: 


0010 
300113 
R 
53 
-.lBC OLD_STAT. 
O. 
chet:k 
I 
~ump 
if OLD_STATIO);NEW_STAT(OI 
0013 
380209 
R 
:14 
-.IDS NEW_SlAT. 
O. 
set 
_off_O 
5:1 
0016 
56 
set_Dn_O: 


0016 
BI3000 
E 
:17 
LOB 
HSO _COMMAND. 
IIOOIIOOOOB 
Set 
HSO 
for 
timer!, 
set 
pin 
0 
0019 
44000000 
E 
:18 
ADD 
HSO_TIME. 
TIMER I. HSO_OFF 
0 
Tim. 
to 
set 
pin; 
Timer! 
value 
0010 
2007 
:19 
BR 
check -I 
+ 
Time 
for 
pin 
to 
bit 
low 
60 
)0 
OOIF 
61 
set_off _0: 


~ 
OOIF 
BIIOOO 
E 
62 
LDB 
HSO_COMMAND. 
IIOOOIOOOOB 
Set 
HSO 
for 
timerl. 
clear 
pin 
0 
0022 
44000000 
E 
63 
ADD 
HSO_TIME. 
TIMERI. 
HSO_ON_O 
Time 
to 
clear 
pin 
= 
Timerl 
value 
~ 
64 
i 
+ 
rime 
for 
pin 
to 
be 
high 
=:~ 
0026 
6:1 
check -I: 


0026 
310113 
R 
66 
-.lBC OLD_STAT. 
I, check 
done 
-.lumpif OLD_STAT 
II I;NEW_STAT(I 
I 
c: 
0029 
390209 
R 
67 
-.lBS NEW_STAT. 
I. 
set_off 
I 
III 
- 
5" 
68 


CO 
002C 
69 
set_on -1: 


Ol - 
002C 
BI3100 
E 
70 
LOB 
HSO_COMMAND. 
IIOOIIOOOIB 
; 
Set 
HSO 
for 
timer!' 
set 
pin 
1 
~ ~ 
Ol 
CD 
002F 
44000000 
E 
71 
ADD 
HSO_TIME. 
TIMERI. 
HSO_OFF _1 
i 
Time 
to 
set 
pin 
= 
Timerl 
value 
::J: 
0033 
2007 
72 
BR 
chec k_done 
(J) 
73 
0 
0035 
74 
set_off _1: 
0 
0035 
Bl1100 
E 
7:1 
LDB 
HS030MMAND. 
1I00010001B 
i 
Set 
HSO 
for 
timer!' 
clear 
pin 
I 
0 
0038 
44000000 
E 
76 
ADD 
HSO_TIME. 
TIMERI. 
HSO_ON_I 
i 
Time 
to 
clear 
pin 
• Ti~.rl 
value 
3- 
77 
i 
+ Time 
for 
pin 
to 
be 
high 
:r 
003C 
78 
check_done: 
c: 
<D 
003C 
B00201 
R 
79 
LDB 
OLD_STAT. 
NEW_STAT 
i 
Store 
current 
status 
and 
.e, 
80 
i 
wait 
for 
interrupt 
flag 
81 
003F 
FO 
82 
RET 
83 
use 
"BR 
",ait" 
if 
this 
routine 
is 
used 
\&lith 
the- 
driver 
84 
0040 
85 
END 


ASSEMBLY 
COMPLETED. 
flO ERROR (S) FOUND. 


270061-82 


SOURCE 
FILE 
F3 
SP 
A96 
OBJECT 
FILE 
F3 
SP 
OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOS a 


LINE 
I 
2 
3 
4 
=1 
:5 
=1 
:53 
54 
55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
7:5 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
B4 
B:5 


002B 


002B 
0029 
002A 
002B 
002C 
» 
200C 
;-. 


m f 
200C 
9C20 
~ ..• 
...•.• ~ 
20BO 
'tI 
0 
20BO 
AIOOOIIB 
::I- 


2084 
BI2016 


.INCLUDEIDEM096.INCl 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


CHR: 
d.b 
I 
SPTEMP: 
d.b 
I 
TEMPO: 
d.b 
I 
TEMPI: 
d.b 
I 
RCV_FLAG: 
d.b 


BAUD_HIGH 
BAUD_LOW 


2090 
C42807 
2093 
B1202A 


2096 
B14008 
2099 
FB 
209A 
27FE 


209C 
209C 
F2 
2090 
2090 
B01129 
20AO 
90292A 
20A3 
716029 
~ 
20A6 
07F5 
:"f 
20A8 
:!. 
20A8 
362A09 
!!. 
20AB 
C42807 
'!' 


"0 
20AE 
71BF2A 
0 
2081 
B1FF2C 
...., :l 
(J) 
9 
20B4 
20B4 
302C18 
a 
20B7 
3:52A15 
S' 
20BA 
B02807 
c: 
~ 
2000 
71DF2A 


20CO 
717F28 
20C3 
990028 
20C6 
070:5 
20C8 
BI0A28 
20CB 
2002 


20CD 
20CO 
112C 


20CF 
20CF 
F3 


2000 
FO 


2001 


ASSEMBLY 
COMPLETEO. 


LOB 
EI 
loop: 
BR 


seT'_port_lnt' 


PVSHF 
rd_again: 


LOB 
ORB 
ANOD 
JtlE 


get_bvte: 


JBC 
STB 
ANOB 
LOD 


put_bvte· 


JBC 
JBC 
LOB 
ANOB 


ANOB 
CI'lPB 
JNE 
LOB 
BR 


continu.: 


POPF 
RET 


SPTEMP. 
SPSTAT 
TEI'lPO.SPTEMP 
SpTEMp.eOll00000D 
rd_agaln 


TEl'lpO.6. 
put_b~te 
SBVF. 
CHR 
TEI'lPO.e10111111D 
RCVJLAc;. 
eOFFH 


RCV_FLAc;. o. 
continue 
TEMPO, 
" 
continue 
SBUF. 
CHR 
TEI'lPO.e11011111B 


CHR. 
e01111111B 
CHR.eODH 
tIT_rev 
CHR. 
eOAH 
continu. 


This 
5e~tion 
of 
code 
can 
be 
replaced 
with 
"ORB 
TEMPO. 
SP _STAT" 
",hen the 
serial 
port 
TI 
.nd 
RI 
bugs 
aT. 
fi •• d 


If RI-teMp 
is not 
set 
Store 
b~te 
CLR 
RI-te.p 
Set 
bit-received 
flag 


If receive 
flag 
is 
cleared 
If TI 
",as not 
set 
Send 
bvte 
CLR 
TI-t •••p 


SOURCE 
FILE. 
F3:ATOo 
A96 
OBJECT 
FILE' 
F3:ATOo.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMr1ANo: 
NOSB 


LINE 
1 
2 
3 
=1 
4 
=1 
:12 
53 
:14 
5:1 
56 
:17 
58 
:19 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


0020 
OOIE 


0028 
0028 
~ 
002A 
!D 
002C 
~ 
002E 
.• 
0 
OJ 
C 
~ 
2080 
<0 0 
0~< 
2080 
AI000118 
CD 
2084 
0120 
::l- 
CD.. 
2086 
55082002 


208A 
Fo 
208B 
Fo 
208C 
3B02Fo 


208F 
B0021C 
2092 
B0031D 


2095 
:l420201E 
2099 ACIEIE 
209C 
C31E281C 


20AO 
1720 


SINCLUDE(oEM096.INC) 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RESUL T_TABLE: 


RESULT 
I: 


RESULT_2: 
RESULT_3: 
RESULT _4: 


NOP 
NOP 
check: 
JBS 


ADoB 
LDBZE 
ST 


oL. 
BL. 
BL 
OX. oL 
AX. 
RESULT_TABLE[oXJ 


:I: 
M0• 
.•. 


.,j 
M.• 
III 
c: 


III 
Q 
Q 
Z 
IX 
Z 
4: 
l!l 
UJ 


ciz:>0 
""'0)0"-0- 
~ 
tDtDtDCl-Cl- 


rn 


IX0 
IX 
IX 
UJ 
0Z 


ci 
UJ 
>- 
0 
UJ 
N 
-J 
M 
~ 
a.. 


0 
'" 
1: 
~ " 
0 
" 
N 
U 


N 
on " 
> 
4: 
4: 
4: 
-J 
0 
0 
0 
III 
r~ 
r~ 
N 
1: 
UJ 
rnrn 
4: 


A.S. A to D Converter 
(Continued) 


6-80 


SOURCE FILE: :F3:A2DHSO.A96 
OBJECT FILE: ·F3:A2DHSO.OBJ 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
=1 
11 
=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


001E 


~ 


0028 
0028 
002A 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
0044 
0046 
0048 
004A 


.INCLUDEIDEM096.INC) 
.nolist 
Turn 
listing 
off 
for 
includ. 
fil. 
End 
of 
includ. 
fl1. 


PWM_TIME_l: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_l: 
DSW 
HSO_ON_2: 
DSW 


RESULT_TABLE: 


RESULT_O: 
DSW 
RESULT_1: 
DSW 
RESULT_2: 
DSW 
RESULT_3: 
DSW 


NXT_ON_T: 
NXT_OFF_O: 
NXT_OFF_1: 
NXT_OFF_2: 
COUNT: 
AD_NUM: 
TMP: 
HSO_PER: 
LAST_LOAD: 
I 


:I: 
eno»zo» 
-too 
c:» 
z'"O 
0'"0 
mm 
:uzo 
Z>< 
~aJ 
:u 
:uc: 
'"0-t 
oo 
Z-t 
:uor- 


_. 


2000 
B7 
c5eg 
AT 
2000H 
I I cf 
BB 
2000 
B020 
B9 
DeW 
st"rt 
Timer_ov'_int 
2002 
1021 
90 
DCW 
Atod_done_lnt 
2004 
B020 
91 
DCW 
.tart 
HSI_d"ta_lnt 
2006 
CC20 
92 
DCW 
HSO_P.Jec 
Int 
93 
94 
.EJECT 
95 
2080 
96 
cseg 
AT 
2080H 
97 
2080 
AIOOOIIB 
9B 
start: 
LD 
SP. 
IIOOH 
Set 
Stack 
Pointer 
20B4 
OIIC 
99 
CLR 
AX 
20B6 
051C 
100 
wal t: 
DEC 
AX 
wait 
appro •. 
0.2 
seconds 
for 
208B 
o7FC 
101 
JNE 
wait 
SSE 
to 
finish 
communications 
102 
20BA 
1144 
103 
CLRB 
AD_NUI'1 
104 
208C 
AI800028 
105 
LD 
PWI'1_TII'1E_I. 'OBOH 
2090 
AIOOOl48 
106 
LD 
HSO_PER. 
IIOOH 
2094 
AI40002A 
107 
LD 
HSO_ON_O. 
.040H 
2098 
AI80002C 
lOB 
Lo 
HSO_ON_I. 
'OBOH 
209C 
AICOO02E 
109 
LD 
HSO_ON_2. 
'OCOH 
110 
» 
OJ 
I 


20AD 
4500010A38 
III 
ADD 
NXT_ON_T. 
TimerL 
IIOOH 
'tI 
112 
. 
Co 
I\) 
I\) 
20A5 
B13606 
113 
LOB 
HSO_COI'1I'1AND.100110110B 
i 
Set 
HSO 
for 
tl.erl. 
SIPt 
pin 
0,1 


". 
20A8 
A03B04 
114 
LD 
HSO_TII'1E. NXT_ON_T 
i 
with 
Interrupt 
CXI 
20AB 
FD 
115 
NOP 
20AC 
FD 
116 
NOP 
20AD 
BI2206 
117 
LDB 
HSO_COI'1I'1AND..00100010B 
i 
S.t 
HSO 
for 
timer1, 
set 
pin 
2 
20BO 
643804 
118 
ADD 
HSO_TII'1E. NXT_ON_T 
i 
without 
Interrupt 
119 
20B3 
91074A 
120 
ORB 
LAST_LOAD. 
10000011iB 
i 
L"5t 
lo"ded 
v"lue 
w"s 
set 
"II 
pins 
20B6 
BIOA08 
121 


,~ 
LOB 
INT_I'1ASK•• 
00001010B 
i 
En"ble 
H50 
and 
AID 
Interrupts 
20B9 
BIOA09 
122 
LOB 
INT _PENDINO. 
100001010B 
i 
F"ke 
"n 
AID 
"nd 
HSO 
interrupt 
20BC 
FB 
123 
EI 
124 
20BD 
91010F 
125 
loop; 
ORB 
PortIo 
100000001B 
i 
SlOt PI,° 
20CO 
65010040 
126 
ADD 
COUNT. 
101 
20C4 
A40042 
127 
ADoC 
COUNT+2. 
zero 
20C7 
71FEOF 
128 
ANDB 
PortIo 
111111110B 
i 
clear 
PI, 0 
20CA 
27FI 
129 
BR 
loop 
130 
131 
.EJECT 


270061-88 


132 
133 
134 
135 
136 
20CC 
137 
20CC 
F2 
138 
20CO 
91020F 
139 
140 
2000 
48380A46 
141 
20D4 
880046 
142 
2007 
OE19 
143 
144 
2009 
145 
2009 
644838 
146 
200C 
013606 
147 
200F 
A03804 
148 
20E2 
FO 
149 
20E3 
FO 
150 
20E4 
012206 
151 
20E7 
A03804 
152 
153 
20EA 
91074A 
154 
155 
20EO 
B02817 
156 
Ol 
157 
eX> 
(,.) 
20FO 
2026 
158 
159 
160 
20F2 
161 
20F2 
304A23 
162 
163 
20F5 
442A383A 
164 
20F9 
Bll006 
165 
20FC 
A03A04 
166 
167 
20FF 
FO 
168 
2100 
442C383C 
169 
2104 
Bl1106 
170 
2107 
A03C04 
171 
172 
210A 
FO 
173 
210B 
442E383E 
174 
210F 
B11206 
175 
2112 
A03E04 
176 
177 
2115 
71F84A 
178 
179 
2118 
180 
2118 
71FOOF 
181 


HSO_£lxeC_lnt 
PUSHF 


ORO 


SUB 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP. ZERO 
JLT 
5.t_off 
t,m.5 


set_on_times 
ADO 
LOB 
LO 
NOP 
NOP 
LOB 
LO 


NXT_ON_T. 
HSO_PER 
HSO_COMMAND •• 00110110B 
HSO_TIME. 
NXT_ON_T 


set_off 
_time5: 


JBC 
LAST_LOAD. 
O. 
check_done 


ADD 
NXT_OFF_O. 
NXT_ON_T. 
HSO_ON 
0 
LOB 
HSO_COMMAND •• 00010000B 
S.t 
HSO 
for 
tim.rl. 
clear 
p,n 
0 
LD 
HSO_TIME. 
NXT_OFF_O 


NOP 
ADO 
NXT_OFF_l. 
NXT_ON_T. 
HSO_ON_l 
LOB 
HSO_COMMAND 
•• 00010001B 
, Set 
HSO 
for 
timerl. 
clear 
pin 
1 
LO 
HSO_TIME. 
NXT_OFF_l 


NOP 
ADO 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 
LOB 
HSO_COMMAND 
•• 00010010B 
, Set 
HSO 
for 
tlmerl. 
clear 
pin 
2 
LD 
HSO_TIME. 
NXT _OFF._2 
I 


2110 
2110 
F2 
21lE 
91040F 


2121 
:lIC0021C 
212:1 B00310 
2128 
5444441E 
212C 
ACIEIE 
212F 
C31E301C 


2133 
99401C 
2136 
0107 
2138 
99FFI0 
213B 
OF02 
2130 
1710 


C(> 
213F 
BOI0IC 
(Xl 


"" 
2142 
1110 
2144 
C31E281C 


2148 
1744 
214A 
710344 


2140 
55084402 


21:11 71FBOF 
2154 
F3 
2155 
FO 


2156 


ASSEMBLY 
COMPLETED. 


ATOO_don"_int: 


PUSHF 
ORB 
Portl. 
1I00000I00B 


ANOB 
LOB 
AOOB 
LOBZE 
ST 


CMPB 
JNH 
CMPB 
JE 
INCB 


no_rnd: 
LOB 
CLRB 
ST 


ANDB 
POPF 
RET 


AL. 
AD_~ESULT_LO.IIII000000B 
Load 
low 
ord"r 
r"sult 
AH. 
AD_RESULT_HI 
Load 
high 
ord"r 
r"sult 
DL. 
AD_NUM. 
AD_NUM 
DL; 
AD_NUM 
*2 
DX. 
DL 
AX. 
RESULT_TABLE[DXJ 
Star" 
r"sult 
ind"."d 
b~ 
DX 


AL. 
IIOI000000B 
no_rnd 
; 
Round 
up 
if 
needed 
AH.IIOFFH 
; Don·t 
increm"nt 
if AH=OFFH 
no_rnd 
AH 


AL. 
AH 
; Align 
b~t" 
and 
chang" 
to word 
AH 
AX. 
ON_TIME[DXJ 


AD_COMMAND. 
AD_NUM. 
III000B 
; Start 
conversion 
on 
channel 
; 
indicated 
by 
AO_NUMregister 
Portl. 
IIIll1l0llB 
; Clear 
PI. 2 


SOURCE 
FILE; 
F3 
SWPoRT 
A9b 
oDJECT 
FILE; 
F3 SWPoRT 
oDJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND· 
NOSH 


LINE 
I 
2 
3 
4~ 
b 
7 
=1 
8 
=1 
~b 
~7 
~8 
~9 
bO 
bl 
b2 
b3 
b4 
b~ 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
7~ 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
8~ 
8b 
87 


0000 


0000 
0001 
0001 
0002 
Ol 
0004 
Co 
0002 
(}1 
0003 
0004 


OOOb 


0008 


OOOA 


OOOC 


0035 
0015 
0018 


This 
module 
provides 
a 
software 
implemented 
as~nchronous 
serial 
port 
'or 
the 
8096 
HSO 
~ 
1s 
used 
for 
transmit 
data 
HSI.2 
is 
used 
for 
receive 
data. 
Note: 
the 
choice 
of 
H5Q 
~ 
and 
HSI 
2 
is 
arbitrary). 


fINCLUDE(DEM09b.INC) 
.natist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


rlieg 


10sl 
s.".: 
dsb 
I 
reve 
_tate: 
dob 
I 
rxrdlJ 
_Itu I 
T'lOVerrun 
-ItU 2 
rip 
_Itu 4 
rev. -buf· 
d sb 
1 
reve_reg: 
dsb 
I 
lamplR_ 
time: 
do", 1 


seriAl -out: 
do", 


baud -c aunt. 
do", 


tld -time: 
do", 


char" 
dob 


indicates 
receive 
done 
indicates 
receive 
overflow 


I 
receive 
in 
progress 
flag 
used 
to 
double 
bu,fer 
receive 
data 
used 
to 
deserialize 
receive 
records 
last 
receive 
sample 
time 


Holds 
the 
output 
character+'ramlng 
(start 
and 
stop 
bits) 
for 
transmit 
process 
Holds 
the 
period 
of 
one 
bit 
in 
units 
of 
T1 
ticks 
Transition 
time 
0' 
last 
Tld 
bit 
that 
was 
sent 
to 
the 
CAM 
for 
test 
only 


mark_command 
equ 
space_command 
equ 
5~mpl._cD~m.nd 
equ 


OllOIOlb 
OOIOIOlb 
OOllOOOb 


timer!. 
set. 
interrupt 
on 
:; 
timer!. 
clr, 
interrupt 
on 5 
software 
timer 
0 


I 


eno."-I 
=E» 
»"0 
:0"0 
mm 
enZ 
me 
:0- 
->< 
~o 


"0o:0-I 


2080 
FA 
2081 
AIFOOOl8 
2085 
C9COl2 
2088 
EFOOOO 
208B 
BI6C08 
208E 
FB 


0000 
208F 
BIOOOC 
2092 
2092 
ACOCIC 
m 
2095 
C81C 


CD 
2097 
EF3000 
m 
209A 
99000C 
2090 
0706 
209F 
011C 
20AI 
20Al 
071C 
20A3 
07FC 
20A5 


20A5 
170C 
20A7 
20A7 
EF4400 
20AA 
9800lC 
20AO 
OFE3 
20AF 
EF4COO 
20B2 
BOICOC 
20B5 
270B 


reset 
loc. 


The 
8096 
starts 
executing 
here 
on 
reset, 
the 
program 
will 
Initialize 
the 
th. 
software 
serial 
port 
.nd 
run 
a 
simple 
test 
to 
exceretle 
it 


d i 
ld 
push 
call 
ldb 
ei 


sp.1I0fOh 
114800 
setup_serial_port 
int_mask.1I01101100b 


test!: 


A 
simple 
test 
of 
the 
serial 
port 
routines. 


While 
no 
characters 
are 
received 
an 
incrementiog 
pattern 
is 
sent 
to 
the 
.erial 
output. 
When 
a 
character 
is 
received 
the 
incrementing 
pat~ern 
"Jumps" 
to 
the 
character 
receved 
and 
proceeds 
froM 
there. 


CR 
ellu 
OOH 
ldb 
char.IICR 
tes t IIoop: 


ldbze 
ax, char 
push 
ax 
call 
char -out 


cmpb 
char.lICR 
bne 
nopaus. 
clr 
ax 
pause: 


ine 
ax 
bne 
pause 
nop.use: 


incb 
char 
test2: 
call 
csts 
cmpb 
at. 0 
be 
testlloop 
call 
char 
in 
ldb 
char,al 
br 
tes t11oop 
.eJect 


0000 


0000 


0000 
CC22 
0002 
CC20 
0004 
AI0700lE 
0008 
AI20AIIC 
OOOC 
8C20lC 
OOOF 
C0081C 
0012 
C00600 
001:l 016016 
0018 
3EI:lFO 


0010 
44 I40AOA 
OOIF 
013:l06 
0022 
AOOA04 
0025 
1102 
0027 
1103 
0029 
1101 
0028 
EF4800 
002E 
E322 


9' 
CD 
0030 
-..J 


0030 
CC22 
0032 
CC20 
0034 
310121 
0037 
642020 
003A 
003A 
880006 
0030 
D7Fll 
003F 
C00620 
0042 
E322 


0044 


0044 
OIIC 
0046 
300102 
0049 
07lC 
004ll 
0048 
FO 


004C 


132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14:l 
146 
147 
148 
149 
1:l0 
I~I 
1~2 
153 
1~4 
I~~ 
156 
157 
1:l8 
1:l9 
160 
161 
162 
163 
164 
165 
16b 
167 
Ib8 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


pop 
pop 
Id 
Id 


dlVU 
st 
st 
Idb 
bbs 


add 
Idb 
Id 
clrb 
clrb 
clrb 
call 
br 


clear 
s~rial 
out 
Enable 
HSO. :land 
Walt 
for 
room 
in 
and 
15sue 
a 
MARK 
tld_ti~e, 
timerl,20 
hso_command 
•• mark_command 
hso_tim 
•• tld_time 
rcve_buf 
; 
clear 
out 
the 
receive 
variables 
reve_reg 
reve_state 
1nlt_recelve 
[c xl 


c r 
br 
dr.1I0007h 
ar.1I0A120h 


iii •• 
b II 
al. 
baud_count 
O. serial_out 
i oc I.1I01l00000b 
10s0,6,. 


the 
return 
address 
the 
baud 
rate 
(In 
decimal) 
dr·ar 
=500.000 
(assumes 
12 Mhz 
cr~stal) 


Trd 
the 
HSlJ CAM 
command. 


c r 
b r 
(b r+ 11. 1101h 
b., 
b r 


serial_out.O 
wa it_for 
_xmi t 
b•. serial_out 
[0 
] 


ar 
reve_state. 
O. csts._e. 
it 
ar 


the 
return 
address 
the 
character 
for 
output 
add 
the 
start 
and 
stop 
bits 
to 
the 
char 
and 
leave 
as 
16 
bit 


walt 
for 
serlal_out=O 
(it 
will 
be 
cleared 
b~ 
the 
hSD 
Interrupt 
process) 
put 
the 
formatted 
character 
In 
serIal_out 
return 
to 
caller 


pop 
pop 
Idb 
add 
walt_for_xmlt· 


cmp 
bne 
st 
br 


clr 
bbc 
inc 
csts_erit. 


ret 


004C 
300lFO 
004F 
F2 
0050 
71FEOI 
0053 
AC021C 
0056 
F3 
0057 
FO 


0058 
0058 
F2 
0059 
64080A 
005C 
880006 
005F 
OFOO 
0061 
080106 
0064 
0808 
0066 
0066 
811506 
0069 
AOOA04 
006C 
2006 
006E 
006E 
813506 
0071 
AOOA04 


0074 
0074 
F3 
0075 
FO 


0076 
810015 
0079 
812003 
007C 
007C 
901600 
007F 
370008 
0082 
80061C 
0085 
A0041C 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20~ 
206 
207 
208 
209 
210 
211 


bbe 
pu.hf 
andb 
Idbu 
popf 
•.•,t 


; w.it 
for 
char.cter 
r •• d~ 
rc"e_state,O,ch.r_tn 
; 
set 
up 
• 
critic.} 
region 
rcv._5tat.,*not(rxrd~) 
al. 
rcve_buf 


hso 
iST 
FIelds 
the 
hso 
interrupts 
and 
performs 
the 
serialization 
of 
the 
data. 


Note 
t~is 
routine 
would 
be 
Incorporated 
into 
the 
hso 
service 
strategy 
for 
an 
actual 
s~5tem 


cseg 
pushf 
add 
emp 
b •• 
shr 
be 
send_space: 


Idb 
Id 
br 
send_mark: 
Idb 
Id 


hSD 
iST 
exit: 
popf 
ret 


txd 
time, baud_count 
serial 
Dut,O 
if 
send_mark 
serial 
out ••• 
send_mark 


hso_,command 
•• 
space_command 
hso_.time. 
tld_time 
hso_isr_exit 


Inlt 
receive 
Called 
to 
prepare 
the 
serial 
Input 
process 
to 
find 
the 
leading 
edge 
of 
a start 
bit. 


ldb 
ldb 
flush_fifo 
orb 
bbe 
Idb 
ld 


10s1_save, 
iosl 
iosl 
save, 7. flush._fifo_done 
al. hsi_statu5 
ax. hsi_time 
i 
trash 
the 
fJfo 
entrl:' 


0088 
717FOO 
008B 
27EF 
0080 
0080 
BIIOI:; 
0090 
FO 


0091 
0091 
F2 
0092 
C81C 
0094 
BOOblC 
0097 
A00404 
009A 
341CI:; 
0090 
3FI:;Fo 
OOAO 
A0081C 
00A3 
0801lC 
OOAb 
b41C04 
00A9 
BII80b 
OOAC 
C00404 
OOAF 
BIOOI:; 
00B2 
00B2 
CCIC 
00B4 
F3 
OOB:; FO 


OOBb 
OOBb 
F2 
00B7 
90lbOO 
OOBA 
71FEOO 
OOBo 
:;IFCOIOO 
OOCI 
070C 


231 
232 
233 
234 
23:; 
23b 
237 
238 
239 
240 
241 
242 
243 
244 
24:; 
24b 
247 
248 
249 
2:10 
2:11 
2:12 
2:13 
2:14 
2:15 
2:1b 
2:17 
2:18 
2:19 
2bO 
2bl 
2b2 
2b3 
2b4 
2b5 
266 
2b7 
2b8 
2b9 
270 
271 
272 
273 
274 
275 
27b 
277 
278 
279 
280 


.ndb 
br 
flush_flfo 
done 
Idb 
r.t 


hsi 
i~r: 


Fi.ld. 
int.rrupts 
from 
th. 
HSI 
unit. 
us.d 
to 
d.t.ct 
th. 
I•• ding 
.dg. 
of 
th. 
START 
bit 
Note: 
this 
routine 
would 
be 
incorporated 
into 
the 
HSI 
strateg~ 
of 
an 
actual 
s~st.m. 


•• 
al,hsi 
,t.tu5 
sample_tim.,hsi_time 
alt 4, ex i t_hsi 
iosO.7 •• 
a., baud_count 
a •.• 
l 
sample_tim 
•••• 
hso_com 
•• nd,.sample_command 
sample_time,hso_time 
iocO ••OOOOOOOOb 


wait 
for 
room 
in 
HSO 
holding 
reg 
send 
out 
,ample 
command 
in 
1/2 
bit 
tim •• 


software 
timer 
1ST. 


Fields 
the 
software 
timer 
Interrupt. 
used 
to 
deserialIze 
the 
Incommlng 
data 
Note 
thIS 
routine 
would 
be 
IncorpoTdted 
into 
the 
software 
timer 
stategy 
in 
an 
actual 
system. 


iosl_save.10s1 
iosl 
s.v ••• not(Olhl 
O,rcve_stat.,.Ofch 
process_data 


es.g 
pushf 
push 
Idb 
Id 
bbc 
bbs 
Id 
.hr 
.dd 
Idb 
st 
Idb 
exit_hit: 


pop 
popf 
r.t 


eseg 
push f 
orb 
.ndb 
.ndb 
bn. 


SOURCE 
FILE: 
:F3:HOTCON.A96 
OBJECT 
FILE: 
:F3: HOTCOr~ OBJ 
CONTROLS 
SPECIFIED 
IN IHVOCATION 
COHMAND: 
NOSB 


LINE 
I 
2 
3 
4 
:I 
6 
7 
-I 
8 
=1 
:16 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:1 


OOIE 


003C 


0069 


C(> 
~ 
OObE 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
0480 
0064 
0010 


0024 


0024 
0028 


$INCLUDElDEM096.INCI 
$nollst 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
f11e 


swtl_dl~-p.riod 
.qu 
swt2_dl~-p.riod 
.qu 


M••• Jo ...•r 
equ 
mal_brake 
equ 
mari_um_hold 
equ 
brake-pnt 
equ 
position-pnt 
.qu 
v.loclt~-pnt 
.qu 


2:10 
2:10 
Offh 
Offh 
080H 
1200 
100 
16 


I 


_. 


002C 
86 
tmr2_old 
dsl 
I 
I It 
0030 
87 
position. 
dsl 
I 
0034 
88 
des_pas. 
dsl 
I 
0038 
89 
pas_err 
dsl 
003C 
90 
d,,1ta_p 
dsl 
0040 
91 
time. 
dsl 
0044 
92 
d"s 
t 1m.: 
dol 
0048 
93 
t Im ___ 
"r: 
dol 
94 
95 
.EJECT 
96 
004C 
97 
last 
_t ime __err 
do•• 
004E 
98 
loist_pos_err 
d••• 
0050 
99 
pas_delta. 
d51.&l 
0052 
100 
time_delta. 
d••• 
0054 
101 
laot ._pas 
ds•• 
0056 
102 
lastl 
time 
d••• 
0058 
103 
1.st2_time. 
d ••• 
005A 
104 
boost: 
d••• 
OOSC 
105 
tmpl 
ds•• 
005E 
106 
out_p tr 
do•• 
0060 
107 
offoet. 
d••• 
0062 
108 
n.t_pos. 
ds•• 
0064 
109 
rp""r. 
do•• 
< 
- 
0066 
110 
old 
t2: 
d••• I 
~ 
i 
~ 
ep 
I 


- 
"U 
III 
• 
CO 
0068 
112 
direct. 
dob 
I 
• 
l=foT'w.rd. 
O=revers • 
N 
I\) 
0069 
113 
pW"'_dir: 
dob 
I 
•• 
CD 
006A 
114 
hsi 
.0. 
d.b 
0060 
I" 
laot -otat: 
dsb 
006C 
116 
pwmJwr: 
d.b 
0060 
117 
i051 
bak: 
dob 
006E 
118 
TR_COL. 
DSO 
I 
• 
COLLECT 
TRACE 
IF TR_COL:OO 
006F 
119 
maio_dly: 
dsb 
120 
0070 
121 
"' •• 
....,Pwr: 
do•• 
0072 
122 
mal-brk: 
do•• 
0074 
123 
mal 
hold: . 
do•• 
0076 
124 
".I_pot: 
do•• 
0078 
125 
brkJot: 
d••• 
007A 
126 
poo_pot. 
d••• 
007C 
127 
HSOO_dly: 
do•• 
007E 
128 
•••tl_dly: 
do•• 
0080 
129 
•••t2_d Iy: 
ds•• 
0082 
130 
mio_hs1: 
d••• 
0084 
131 
mto_hoil: 
ds •• 
0086 
132 
mal-hSlI: 
ds •• 
133 
134 
0100 
135 
do.g 
at 
100H 
270061-98 


0100 
0102 
0104 


2000 
2000 
0022 
2002 
1020 
2004 
0424 
2006 
8022 
2008 
1020 
200A 
2022 
200C 
1020 
200E 
1020 


2010' 
2010 
2010 
2010 


2087 
1168 
2089 
AI70175C 
2080 
055C 
208F 
E068FO 
2092 
88005C 
2095 
02F6 


mode_vI."" 
count_out 
err _view: 


cseg 
at 
dew 
dew 
dew 
dew 
dew 
dew 
dew 
dew 


atod 
done 
lot. 


hll_O_int. 
ser _port_int: 
external 
tot: 


elrb 
Id 
d.la~: 
doc 
dJnz 
emp 
Jg t 


PI 
0 
PI 
I 
PI 
2 
PI 
3 
PI. 
4 
PI 
:5 
PI 
6 
PI 
7 
P2 6 
P2. 7 


mud 
e'::"'! 
1 
o"r 
0 
I 
I 
enter/leave 


mod I'D 
0 
model 
1 
o 
0 
software 
timer 
2 
routine 
Main 
program 
toggle 
HSI 
ov.rflow 
toggl. 
software 
timer 
0 
routine 
enter/leave 
hsi 
lot 
enter/leave 
software 
timer 
1 
routine 
enter/leave 
Input 
direction 
(0=r.",er5e, 
l=forward) 
direction 
O=rev. 
l=fwd 


2000H 
timer 
ovf_int 
atod 
done 
tot 
h51_data_int 
hso 
.xec 
iot 
hsi_O_int 
soft 
tmr 
tot 
seT_port_lot 
external 
iot 


direct 
tmp 1.116000 
tmp 1 
diroet •• 
tmpl,zero 
dola~ 


walt 
about 
3 
seconds 
for 
motor 
to 
come 
to 
a 
stop 
w.it 
O. :512 
milliseconds 


20AO 
71FCOF 
20A3 
019903 
20A6 
OI:FI:; 


20A9 
A00400 
20AC 
0140 
20AE 
0142 
2090 
0128 
2002 
012A 
2004 
0130 
2006 
0132 
20a8 
01:;4 
200A 
0134 
200C 
0136 
200E 
0144 
20CO 
0146 
20C2 
AOOA:;6 
20C:; 490008:;658 
20CA 
1160 
20CC 
1109 
20CE 
AIFOOI:;E 
2002 
AI3C0082 
2006 
AIIE0084 
200A 
AI690086 
200E 
AI6E007C 
20E2 
AIFA007E 
20E6 
AIFA0080 
20EA 
AIFF0070 
20EE 
AIFF0072 
20F2 
AI800074 
20F6 
AI000478 
20FA 
A164007A 
20FE 
AII00076 
2102 
AI002962 
2106 
00006C 
2109 
010169 


210C 
012008 
210F 
013006 
2112 
447COA04 
2116 
FO 
2117 
FO 
2118 
013906 
211 B 
447EOA04 


186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21:5 
216 
217 
218 
219 
220 
221 
222 
223 
224 
22:5 
226 
227 
228 
229 
230 
~31 
232 
233 
234 
235 


Id 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
<Ir 
clr 
<Ir 
<Ir 
Id 
sub 
<Irb 
clrb 
Id 
ld 
ld 
Id 
Id 
Id 
ld 
ld 
Id 
Id 
Id 
Id 
Id 
Id 
Idb 
Idb 


andb 
ldb 
Idb 


Portl •• IIIIIIOOB 
HS1_mode 
•• 1001100IB 
10CO ••OIOIOIIIB 


clear 
PI 
O. 1 
(~et 
mode 
0) 
set 
hSl 
1.3 
-; 
hSl 
0.2 
+ 
Enable 
all 
hSl 
T2 
CLOCK-T2CLK. 
T2RST=T2RST 
Clear 
tlmer2 


zero. 
hSl 
tIme 
time 
tlme+2 
tlmer_2 
tlm •.r_2+2 
POSition 
posltion+2 
last_.pos 
des_pas 
des_po5+2 
des_time 
des 
time+2 
lastl_time,Ttmerl 
last2 
tim •• lastl_time 
••800H 
iosl 
bak 
lnt_pending 
out_ptr •• IFOH 
min_hsi,.min_hsi 
t 
mtn_hsil 
••min_hstl 
t 
mal_hltl 
••mal_hstl_t 
HSOO_dl~ 
••HSOO_dl~_p.rtod 
swtl_dl~ •• 5wtl_dl~-period 
swt2_dl~ •• (swt2_dl~-pertod) 
m.x-pwr,.max-power 
m •• _brk,.m.x_brake 
max_hold,.m 
•• imum_hold 
brk-pnt •• brake-pnt 
pos-pnt,.position-pnt 
v.l_pnt •• v.lo<lt~-pnt 
nlt_pos,.po~_tabl. 
pwlftJwr. 
IeI'D 
pwm_dtr ••Olh 
FORWARD 


int_mask ••0010ll01B 
h.o_command,.30H 
hso_ttm •• ttm.rl.HSOO_dl~ 


211F 
FO 
2120 
FO 
2121 
BI3A06 
2124 
44800A04 


,2128 AOOA40 
2129 
AOOC2C 
212E 
FB 


212F 
E7CE06 


2200 


2200 
2200 F2 


2201 
901660 
en 
2204 
356005 
cO 
2207 0742 
U1 
2209 
710F60 
220C 
220C 
F3 
2200 FO 


2220 


2220 
2220 
F2 
2221 
901660 
2224 
2224 
306003 
2227 
71FE60 


222A 
222A 
316006 
2220 
71F060 


orb 
chk 
tl 
Jbc 
lnc 
andb 
tmr 
lnt_done 
popf 
ret 


losl_bak.1051 
iosl_bak.~. 
tmr 
lnt_done 
tlmet2 
losl_bak..IIOllIIIB 
• 
clear 
blt 
:5 


1os1_bak,0. 
chk 
swtt 
losl_bak 
•• 
IIIIIIIOD 
swtO_explrtPd 


soft_tmr_int 
pushf 
orb 
c h k_s ••tO: 


Jbc 
andb 
call 
chk_s 
••tl 
Jbc 
andb 
II 


2230 
EFC003 
2233 
2233 
326006 
2236 
71F06D 
2239 
EF4401 
223C 
223C 
346003 
223F 
71F76D 


2242 
2242 
F3 
2243 
FO 


2280 


2280 
m 
eO 
2280 
F2 
m 
2281 
013006 
2284 
447COA04 


2286 
91200F 
2260 
AOOC26 
226E 
390FI6 


2291 
2291 
4666265C 
2295 
6902005C 
2299 
D94C 
2290 
2290 
300F49 
229E 
71FCOF 
22AI 
015515 
22A4 
800068 
22A7 
203E 


22A9 
22A9 
462C263C 
22AD 
A0262C 


2280 
306606 


caU 
chk_s ••t2: 


Jbc 
andb 
call 
chk_".t3: 


Jbc 
andb 
call 


$wt 
int_done: 


popf 
r.t 


iosl_b •• ,2,chk 
5wt3 
iosl_bak •• IIIIIOIIO 
i 
CI.ar 
bit 
2 
s••t2_upir.d 


1os1_bak.4, 
swt 
int_done 
io.l_bak •• 111101110 
i 
CI.ar 
bit 
3 
swt3_elpired 


PUSHF 
ldb 
add 


in_mod.l: 


sub 
cmp 
Jh 
,.t_modeO: 


Jbc 
.ndb 
ldb 
Idb 
br 


in_mode2: 
sub 
Id 


portl ••001000008 
Timer_2.TII'1ER2 
Portl, 
1, In_mode2 


tmpl.Tim.r_2.old_t2 
tmpl ••2 
end_, ••tO 


Portl.O ••nd 
,••to 
Portl •• 111111008 
IOCO ••OIOIOIOI8 
l.st_st.t, 
zero 
end_ •••tO 


if alread~ 
in mode 
0 
Clear 
PI. O. 
PI. I 
(set 
mode 
0) 
enable 
all 
HSI 


2283 
643C30 
2286 
A40032 
2209 
2006 


2288 
683C30 
228E 
A80032 


22CI 
22CI 
4866285C 
22C5 
8905005C 
22C9 
021C 


22C8 
22C8 
71FOOF 
22CE 
91010F 
2201 
810" 
5 
2204 
A00400 
2207 
48840A56 


2208 
2200 
A00400 
220E 
717F60 
22El 
901660 
01 
22E4 
3F60F4 
cO 
-...j 
22E7 
22E7 
A02866 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 


2380 
2380 
F2 
2381 
813A06 
2384 
44800A04 


2388 
91040F 
2388 
89FF075E 


238F 
0104 
2391 
AIFOOI5E 


336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
3" 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 


in_fwd. 
add 
ad de 
br 


chk_mode: 


sub 
cmp 
Jgt 


•• 
t_IIIod •• 
: 


andb 
orb 
Idb 
Id 
sub 


Id 
andb 
orb 
Jbs 


end_swtO: 


Id 
andb 
POPF 
ret 


position.delta_p 
position+2,I_ro 
chk_mode 


tmpl.TI ••er_2.old_t2 
tmpl •• 5 
end_swtO 


Check 
count 
difference 
In 
tmpl 
set 
model 
if 
count 
is 
too 
low 
count 
<- 
, 


Portl •• 111111018 
Clear 
PI. I. 
set 
PI 
0 
(set 
mode 
I) 
Portl ••OOOOOOOI8 
IOCO ••00000IOI8 
enable 
HSI 
0 
and 
I 
zero. 
HSI_TIME 
lastl_time.Timerl.min 
hsil 
; 
set 
up 
50 
(time-last2~time»min 
hsil 
on 
nelt 
HSI 


ZERO. 
HSI_TIME 
iosl_bak ••OIIIIII18 
iosl_bak. 
i051 
iosl_bAk,7,clr_hsl 


swt2_upired: 


pushf 
Idb 
add 


portl ••OOOOOI008 
set 
port 
1.2 
outJtr 
•• 7ffH 
pulsing 
outJtr 
•• 1fOH 
I 


239~ 
239~ 
306EOC 


2398 
C25F32 
2398 
C25F30 


239E 
C25F68 
23AI 
C25F6C 


23A4 
23A4 
4B560A~C 
23AB 
B9001B~C 
23AC 
0104 


23AE 
65001056 
2382 
2382 
71F80F 
238~ 
F3 
2386 
FO 


(l) 
cO 
CD 


2400 
2400 
20CE 
2402 
20C7 


2'104 F2 
2405 
91400F 
240B 
717F60 
2408 
901660 
240E 
376DFl 


2411 
2411 
AOOC28 
2414 
5155066A 
2418 
A00440 


2418 
380FE2 


241E 
241E 
386A08 


386 
3B7 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
'lIB 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
43~ 


wlllt2_done: 


sub 
cmp 
Jnh 


add 
$blt2_ret; 


andb 
popf 
ret 


tmpl. tim.r!. lastl_tim. 
tmpl •• i800H 
slIIt2_ret 
k•• p 
(Ti~erl-lastl_tim.)<2000H 


CSEG 
AT 
2400H 
now_mod._l: 
br 
no_inti: 
br 


hSi_data 
int: 
orb 
andb 
orb 
Jb c 


g •. t_v.l u•• : 
Id 
andb 
Id 


pushf 
portl ••010000008 
iosl_bak ••011111118 
iosl_bak. 
iosl 
iosl_b 
•• ,7,no_intl 


timer_2.TIMER2 
hsi_sO.HSI_STATUS 
••010101018 
time. 
HSI_TII"IE 


_. 


2421 
3A6A2C 
436 
Jbs 
hsl-sO. 2. a_fall 
I I cf 
2424 
3C6A40 
437 
Jbs 
hsi-sO. 4, b_"ise 
2427 
3E6A5A 
438 
Jbs 
hsi 
sO.6.b -fall 
242A 
2094 
43~ 
br 
no_cot 
440 
242C 
A05658 
441 
a_rile: 
Id 
last2_tlme, 
lastS -time 
242F 
A04056 
442 
Id 
lastl 
tim •• tim. 
2432 
685840 
443 
sub 
time, 
last2_t 
ime 
2435 
888240 
444 
cmp 
time, 
min_hsl 
2438 
0~06 
44:1 
Jh 
tst-statr 
446 
iset 
lRodlPl- 
243A 
~IOIOF 
447 
orb 
Portl ••000000018 
S.t 
Pl. 0 
(,n 
mode 
1) 
2430 
810515 
448 
Idb 
IOCO ••OOOOOIOIIl 
Enable 
HSI 
0 
and 
1 
2440 
449 
tst_statr: 


2440 
3E6858 
450 
Jb5 
last _stat.6.go,ng_fwd 
24433C6867· 
451 
Jbs 
last_stat. 
4. going_"ev 
2446 
3A6850 
452 
Jbs 
last_stat,2,change_dir 
2449 
980068 
453 
cmpb 
last_stat,lero 
244C 
OF46 
454 
Je 
first 
time 
; 
first 
time 
in 
modeO 
244E 
2782 
455 
br 
no-tot! 
456 
2450 
A05658 
457 
a_fall : Id 
last2_timlP.lastl 
-time 
2453 
A04056 
458 
Id 
lastl 
tlme. 
time 
2456 
685840 
459 
sub 
time. 
Last2_time 


I 
I 


~ 
C1l 
I 


2459 
888240 
460 
cmp 
time/mto_hii 
'lJ 
<0 
245C 
0906 
461 
Jh 
tst-statf 
IN 
CD 
462 
; set 
model- 
~ 
245E 
91010F 
463 
orb 
Portl ••000000018 
S.t 
PI 
0 
(In 
mode 
1) 
C» 
2461 
810515 
464 
Idb 
IOCO ••00000IOI8 
Enable 
HSI 
0 
and 
I 
465 
.EJECT 
2464 
466 
tst-statf 
2464 
3C6837 
467 
Jb5 
last 
_stat. 
4. gOlng_ 
fwd 
2467 
3E6843 
468 
Jbs 
last_stat, 
6. gOing_rev 
246A 
38682C 
469 
Jbs 
last _stat. 
O. change 
__dlT 
2460 
980068 
470 
cmpb 
last 
_stat. 
H!rO 
2470 
OF22 
471 
J. 
first 
tIme 
; 
fIrst 
time 
In 
modeO 
2472 
2057 
472 
br 
no-iot 
473 
2474 
386827 
474 
b-r15e. 
Jb. 
last _stat. O. go,ng._fwd 
2477 
3A6833 
475 
Jb5 
last_stat,2. 
gOing_rev 
247A 
3E681C 
476 
Jbs 
last_stat, 
b. change_dir 
2470 
980068 
477 
cmpb 
last_stat. 
zero 
2480 
OFI2 
478 
JO 
first 
time 
first 
time 
in 
modeO 
2482 2047 
479 
br 
no-tot 
480 
2484 
3A6817 
481 
b-fall : Jbs 
last_stat.2. 
going_fWd 
2487 
386823 
482 
Jbs 
last_stat,O, 
going_rev 
248A 
3C680C 
483 
Jbs 
last_stat, 
4, change_dir 
2480 
980068 
484 
cmpb 
last_stat, 
zero 
2490 
OF02 
485 
JO 
first -time 
i 
first 
time 
in 
modeO 
270061-A5 


2494 
2494 
C4686A 
2497 2072 


2499 
2499 
1268 
2498 
30680F 


249E 
249E 
914010 
24AI 
810168 
24A4 
6:;010030 
24A8 
A40032 
24A8 
2000 
24AO 
24AO 
718FIO 
2480 
810068 
2483 
69010030 
2487 
A80032 


248A 
248A 
C4686A 
2480 
24BO 
A0282C 
24CO 
717F60 
24C3 
901660 
24C6 
376002 
24C9 
2746 


24C8 
718FOF 
24CE 
F3 
24CF 
FO 


2400 
:;1:;06A:;C 
2404 
07EA 
2406 


first_time. 


stb 
br 


changa_d1r: 


notb 
no 
inc: 
Jbc 


going_fwd: 


arb 
Idb 
add 
addc 
br 
going_rev: 


andb 
Idb 
sub 
subc 


stb 
load_lasts· 


Id 
no_cot 
.ndb 
arb 
Jbc 
again. 
br 


no 
tnt: 
andb 
popf 
rat 


andb 
Jne 
cmp _t 1m.: 


PORT2 ••010000008 
d1rect ••OI 
position 
••01 
posltton+2, 
zero 
5t_5tat 


PORT2 •• 101111118 
d1rect ••OO 
p051tion 
••01 
position+2. 
zero 


tmr2_0Id. 
t1mar_2 
losl_bak ••OII111118 
1os1 
bak. i051 
iosl_b.k.7,no_int 
get_v.lues 


24E3 
0914 


24E5 
24E5 
91020F 
24E8 
010015 
24EO 
A00400 
24EE 
717F60 
24FI 
901660 
24F4 
3F60F4 
24F7 
2012 


24F9 
24F9 
4858405C 
24FO 
88865C 


2500 
0109 


2502 
2502 
71FCOF 
2505 
015515 
2508 
000060 


2500 
250B 
482C283C 
Cf' 
250F 
306808 
~ 
2512 
~ 
2512 
643C30 
2515 
A40032 
2518 
27A3 
251A 
251A 
683C30 
2510 
A80032 
2520 
279B 


2600 


2600 


2600 
F2 
2601 
91800F 


2604 
BIOO08 


2607 
B13906 
260A 
447EOA04 


536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 


set_mode_2 
orb 
Idb 
mt_hsi: 
Id 
andb 
orb 
Jbs 
br 


c he, k_m.l_t 
iM.: 


sub 
cmp 


Portl ••OOOOOOIOB 
IOCO ••OOOOOOOOB 
zero. 
hsi_time 
iosl_bak ••OIIIIIIIB 
tosl_bAk,1051 
iosl_bak,7,mt_hsi 
done_chit 


set_made_O; 


andb 
Idb 
Idb 


done_chit: 
sub 
Jbc 


Portl •• IIIIIIOOB 
IOCO ••OIOIOIOIB 
last_stat. 
zero 


Add 
position. 
delt.J 
addc 
position+2, 
zero 
br 
load 
lasts 


sub 
position, 
delt.J 
subc 
posJtion+2. 
zero 
br 
load_lasts 


Set 
PI 
I 
(in mode 
2) 
Disable 
all 
HSI 
empty 
the 
hsl "'0 
; 
clear 
b 1 t 
7 


I 


260E 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
2610 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
0600 


2636 
2636 
0338 
2638 
010069 
2638 
89FFFF3A 
263F 
070A 
2641 
2000 


2643 
2643 
010169 
2646 
88003A 
2649 
OF05 


2650 
2650 
887A38 
2653 
011E 
2655 
887838 


586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 


Id 
Id 
sub 
sube 
sub 
sube 


go_backwArd: 


n_g 
ldb 
cmp 
In- 
br 


go_'oTw.rd: 


Idb 
cmp 
J" 


time 
err+2,de, 
time+2 
Calcul.te 
time 
& POSition 
.rror 
pos_err+2,des_po5+2 
time 
err, 
des 
time, 
time 
; 
values 
are 
set 
tlme_err+2, 
time+2 
p05_err,des_po5,position 
p05_err+2,posttion+2 


Time_err 
c 
Desired 
time 
to 
finish 
- 
current 
time 
Pos_err 
• 
Desired 
position 
to 
finish 
- 
current 
POSition 
Pos_delt. 
• 
L4Ist 
position 
error 
- 
Curent 
POSition 
error 
Time 
deltA 
• 
L.st 
time 
error 
- 
Current 
time 
error 
note 
th.t 
errors 
should 
get 
smaller 
so 
deltas 
Will 
be 
positive 
for 
forward 
motion 
(time 
is 
.lW.~5 forward) 


pas_err 
Pas_err 
- 
ADS 
VAL 
Cp05_err) 
p",m_dlr •• OOh 
pos __ rr+2 ••0ffffH 
Id_mal 
chk_brk 


pwm_d1r,.OlH 
p05_err+2, 
zero 
chk_brk 


p05_err, 
pos_pot 
hold...Jl0s1tlon 
pos_"rr.brk_pnt 


265A 
265A 
880050 
2650 
0602 


265F 
0350 
2661 
2661 
887650 
2664 
0100 


2666 
!l0726C 


2669 
006824 
266C 
1224 
266E 
002469 


2673 
2673 
89020038 
2677 
0906 
2679 
0126 
2670 015A 
2670 
20lF 


267F 
267F 
50FF7424 
2683 
6C3824 
2686 
880050 
2689 
0709 
2680 
650400'A 
268F 
645A26 
2692 
2002 
2694 
015A 
2696 
887426 
2699 
0103 
2690 
A07426 
269E 
00266C 


26A3 
26A3 
006C64 
26A6 
1264 
26A8 
38690A 


634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
6'3 
654 
655 
656 
6'7 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 


cmp 
He 
neg 
chk_delta: 


cmp 
Jnh 


Idb 
Idb 
notb 
Idb 


Hold_position: 


cmp 
Jh 
clr 
clr 
OR 


calc_out: 


mulub 
mulu 
cmp 
Jne 
add 
add 
br 
no_bst: 
clr 
c k_max: 
cmp 
Jnh 
maxRd. 
ld 
output. 
Idb 


ldb 
natb 
Jbs 


pas_delta. 
zero 
chk_delta 
pas_delta 


pWm_,I 
..!fr. ma'_brk 


tmp.direct 
tmp 
pwm_d ir, 
tmp 


pos_err 
.• 02 
calc 
out 
tmp+2 
boost 
output 


tmp.mal_hold 
•• 25' 
tmp,pos_err 
pos_del 
ta. zero 
no 
bst 
boost,.04 
tmp+2, 
boost 
ck 
max 
boost 
tmp+2,max_hold 
output 
tmp+2.max_hold 
pwm_pwr, 
tmp+2 


rpwr.pwm_pWT 
rpwr 
pwm_dlr.O.p2fwd 


26AB 
FA 
26AC 
717FI0 
26AF 
B06417 
26B2 
FB 
2603 
2008 
2605 
FA 
26B6 
918010 
2609 
006417 
260C 
FO 


26BO 
2680 
88004A 
26CO 
0225 


26C2 
89202962 
26C6 
OE06 
26C8 
AI002962 
26CC 
0142 
26CE 


26CE 
A26334 
2601 
A26336 
2604 
A26346 
~ 
2607 
A26370 
260A 
A07072 
0 
2600 
646034 
~ 
26EO 
A40036 
26E3 
4830344E 


26E7 
717FOF 


26EA 
F3 
26EO 
FO 


2800 
2800 
901660 
2803 
366009 
2806 
71BF60 
2809 
95100F 
280C 
EFF5FB 


p2bkwd. 
01 
andb 
Idb 
EI 
br 
p2fwd: 
01 
orb 
Idb 
EI 


cmp 
Jit 
Id 
clr 
get_vats: 


Id 
Id 
Id 
Id 
Id 
·add 
addc 
sub 


time_.rr+2. 
zero 
; 
do pas_table 
when err 
i5 
negative 
endJ 
endJ 


nltJos 
•• 132+pos_table) 
get_vall 
; 
Jump if 
lower 
nltJos"pos_table 
time+2 


d.s-Po1,[nlt-90I]+ 
d.S-POI+2, 
[nxt-posl+ 
des_tim.+2, 
[nxt-pos]+ 
mal-pwr,[nlt-posl+ 
"'.I_brk, 
"'.IJwr 
desJo5,off 
••t 
d.sJos+2, 
zero 
lastJos_err,dR5JoS,position 


MAIN_PROG: 
orb 
Jbc 
andb 
Korb 
call 


i051_bak, 
iosl 
iosl_bak,6,control 
losl_bak •• IOIIIIIIB 
Portl ••OOOIOOOOB 
HSI_OATA_INT 


clear 
iosl_bak.6 
C omp I Bit 
PI. 4 
prevent 
lockUp 
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Intel's 8096 is a 16-bit microcontroller with processing 
power sufficient to perform many tasks which were pre- 
viously done by microprocessors or special building 
block computers. A new field of applications is opened 
by having this much power available on a single chip 
controller. 


The 8096 can be used to increase the performance of 
existing designs based on 8051s or similar 8-bit control- 
lers. 
In addition, it can be used for Digital Signal 


Processing (DSP) applications, as well as matrix ma- 
nipulations and other processing oriented tasks. One of 
the tasks that can be performed is the calculation of a 
Fast Fourier Transform (FFT). The algorithm used is 
similar to that in many DSP and matrix manipulation 
applications, so while it is directly applicable to a spe- 
cific set of applications, it is indirectly applicable to 
many more. 


FFTs are most often used in determining what frequen- 
cies are present in an analog signal. By providing a tool 
to identify specific waveforms by their frequency com- 
ponents, FFTs can be used to compare signals to one 
another or to set patterns. This type of procedure is 
used in speech detection and engine knock sensors. 
FFTs also have uses in vision systems where they iden- 
tify objects by comparing their outlines, and in radar 
units to detect the dopier shift created by moving ob- 
jects. 


This application note discusses how FFTs can be calcu- 
lated using Intel's MCS®-96 microcontrollers. 
A re- 


view of fourier analysis is presented, along with the spe- 
cific code required for a 64 point real FFT. Throughout 
this application note, it is assumed that the reader has a 
working knowledge of the 8096. For those without this 
background the following two publications will be help- 
ful: 


1986 Microcontroller Handbook 
Using the 8096, AP-248 


These books are listed in the bibliography, along with 
other good sources of information 
on the MCS-96 


product family and on Fast Fourier Transforms. 


This application note contains program modules which 
are combined to create a program which performs an 
FFT on an analog signal sampled by the on-board 
ADC (Analog to Digital Converter) of the 8097. The 
results of the FFT are then provided over the serial 


channel to a printer or terminal which displays the re- 
sults. In the applications listed in the previous section, 
the data from this FFT program would be used directly 
by another program instead of being plotted. However, 
the plotted results are used here to provide an example 
of what the FFT does. There are four program modules 
discussed in this application note: 
FFTRUN - Runs a 64 point FFT on its data buffer. It 


produces 32 14-bit complex output values 
and 32 14-bit output magnitudes. A fast 
square root routine and log conversion rou- 
tine are included. 


A2DCON - Fills one of two buffers with analog values 


at a set sample rate. The sample time can 
be 
as 
fast 
as 
50 microseconds 
using 


8x9xBH components. 


PLOTSP - Plots the contents of a buffer to a serially 


connected printer. 
Routines 
are provided 


for console out and hexadecimal to decimal 
conversion and printing. 


FTMAIN - The main module which controls the other 


modules. 


Each of the modules will be described separately. In 
order to better understand how the programs work to- 
gether, a brief tutorial on FFTs will be presented first, 
followed by descriptions of the programs in the order 
listed above. 


The final program uses 64 real data points, taken from 
either a table or analog input I. Each of the data points 
is a 16-bit signed number. The processing takes 12.5 
milliseconds when internal RAM is used as the data 
space. If external RAM is used, 14 milliseconds are 
required. Larger FFTs can be performed by slightly 6 
modifying the programs. A 256-point FFT would take 
approximately 65 milliseconds, and a 1024-point ver- 
sion would require about 300 milliseconds. 


In the program presented, the analog sampling time is 
set for I sample every 100 microseconds, providing the 
64 samples in 6.4 milliseconds. The sampling time can 
be reduced to around 60 microseconds per point by 
changing a variable, and less than 50 microseconds by 
using the 8x9xBH series of parts, since they have a 22 
microsecond A to D conversion time. 


The programs are set up to be run in a sequence instead 
of concurrently. 
This provides the fastest operation 


if the sampling speed were reduced to the minimum 
possible. For the fastest operation above about 80 mi- 
croseconds a sample, the programs could be run con- 
currently, but this would require some minor modifica- 
tions of the program. Figure I shows the timing of the 
program as presented. 


inter 


These programs have run in the Intel Microcontroller 
Operation Application's Lab and produced the results 
presented in this application note. Since the programs 
have not undergone any further testing, we cannot 
guarantee them to be bug proof. We, therefore, recom- 
mend that they be thoroughly tested before being used 
for other than demonstration purposes. 


A Fourier Transform is a useful analytical tool that is 
frequently ignored due to its mathematically oriented 
derivations. This is unfortunate, 
since Fourier trans- 
forms can be used without fully understanding 
the 
mathematics 
behind them. Of course, if one under- 
stands the theory behind these transforms, they become 
much more powerful. 


The majority of this application note deals with how a 
Fast Fourier Transform (FFT) can be used for spec- 
trum analysis. This procedure takes an input signal and 
separates it into its frequency components. One can al- 
most treat the FFT as a black box, which has as its 
output, the frequency components and magnitudes of 
the input signal, much like a spectrum analyzer. 


From a mathematical standpoint, Fourier Transforms 
change information in the time domain into the fre- 
quency domain. The theory behind the Fourier trans- 
form stems from Fourier analysis, also called frequency 
analysis. 


There are many books on the topic of Fourier analysis, 
several of which are listed in the bibliography. In this 
application note, only the pertinent formulas and uses 
will be presented, not their derivations. 


The main idea in Fourier analysis is that a function can 
be expressed as a summation of sinusoidal functions of 
different frequencies, phase angles, and magnitudes. 
This idea is represented by the Fourier Integral: 


H(f) =f: 00 h(t) e -j21Tft dt 


Where: H(f) is a function of frequency 
h(t) is a function of time 


e-jll 
= CDS 9 -- j SIN9 
(2) 


H(f) = f: 
00 h(t) (cos (21Tft) - 
j sin (21Tft)) dt 
(3) 


Figure 2 shows a rectangular 
pulse and its Fourier 
transform. Note that the results in the frequency do- 
main are continuous rather than discrete. The horizon- 
tal axis in Figure 2a is frequency, while that of Figure 
2b is time. 


In a simplified case, the varying phase angles can be 
removed, and the integral changed to a summation, 
known as a Fourier Series. All periodic functions can 
be described in this way. This series, as shown below, 
can help provide a more graphical understanding 
of 
Fourier analysis. 


00 


(t) = ao + ~ 
[an cos (21Tnfot) + 
y 
2 
L.J 
bn sin (21Tnfot)] 
n = 1 
for n = 1 to 
<Xl 


1 
Where fo = -, 
the fundamental 
frequency. 


To 


fl. 


Figure 2. Rectangular 
Pulse and Its Fourier Transform 


This formula can also be represented in complex form 
as: 
00I 
an e j21Tnfot 


n=-oo 


The Fourier series for a square wave is 


00 


" 
sin ((2k + 1) 271fo'1 
(6) 
£.J 
(2k + 1) 
K=O 


If these sinusoids are summed, a square wave will be 
formed. Figure 3 shows the graphical summation of the 
first 3 terms of the series. Since the higher frequencies 
contribute to the squareness of the waveform at the 
comers, it is reasonable to (:ompare only the flatness of 
the top of the waveform. lhe sharpness or risetime of 
the waveform can be determined by the highest fre- 


quency term being summed. With rise and fall times of 
10% of the period, the waveform generated by the first 
3 terms is within 20% of ideal. At 7 terms it is within 
10%, and at 20 terms it is within 5%. With a 5% 
risetime, it is within 20% of ideal after 5 terms, 10% 
after 13 terms and 5% after 32 terms. Figure 4 shows 
the resultant waveforms after the summation of 7, 15 
and 30 terms. 


Fourier analysis can be used on equation 4 to find the 
coefficients an and bn. To make this process easier to 
use with a computer, a discrete form, rather than a 
continuous one, must be used. The discrete Fourier 
transform, shown in Equation 7, is a good approxima- 
tion to the continuous version. The closeness of the ap- 
proximation depends on several conditions which will 
be discussed later. The input to this transform is a set of 
N equally spaced samples of a waveform taken over a 
period of NT. The period NT is frequently referred to 
as the "Sampling Window". 
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N-1 


H (:T) 
=I h(kne-j21Tnk/N 


k=O 
n = 0, 1, ... ,N-1 


Where: H(f) is a function of frequency 
h(t) is a function )f time 
T is the time spar. between samples 
N is the number of samples in the window 


n =0,1,2 ... N-l 


This transform is used for many applications, including 
Fourier Harmonic Analysis. This procedure uses the 
transform to calculate the coefficients used in Equation 
5. In order to do this, the factor TINT must be added 
to the transform as follo" s: 
N-1 
H (~) 
= --.:!...... '" 
11(kT)e -j21Tnk/N 
NT 
(NT)~ 
k=O 
n= 0, 1, 2, 3, ... , N -1 
(8) 


The factor provides com:lensation for the number of 
samples taken. Note that the functions H(f) and h(t) are 
complex variables, so the iimplicity of the equation can 
be misleading. Once the values of h(t) are known, (ie. 


0.3 
~ 


~ 0.2 
!j..• 
0.1 


the value of the input at the discrete times (t)), the 
Fourier Transform can be used to find the magnitude 
and phase shift of the signal at the frequencies (f). 


A spectrum analyzer can provide similar information 
on an analog input signal by using analog filters to sep- 
arate 
the frequency 
components. 
Regardless 
of its 


source, the information on component frequencies of a 
signal can be used to detect specific frequencies present 
in a signal or to compare one signal to another. Many 
lab experiments and product 
development tests can 


make use of this type of information. Using these meth- 
ods, the purity of signals can be measured, specific har- 
monics can be detected in mechanical equipment, and 
noise bursts can be classified. All of this information 
can be obtained while still treating the FFT process as a 
black box. 


Consider the discrete transform of a square wave as 
shown in Figure 5. Note that the component magni- 
tudes, as shown in the series of Equation 6, are shown 
in a mirrored form in the transform. This will happen 
whenever only real data is used as the FFT input, if 
both real and imaginary data were used the output 
would not be guaranteed to be symmetrical. For this 
reason, there is duplicate information in the transform 
for many applications. Later in this section a method to 
make the most of this characteristic is discussed. 
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If one looks at Equation 8, it can be seen that the calcu- 
lation 
of a discrete 
Fourier 
transform 
requires 
N 
squared complex multiplications. If N is large, the cal- 
culation time can easily become unrealistic for real-time 
applications. For example, if a complex multiplication 
takes 40 microseconds, at N = 16, 10 milliseconds 
would be used for calculation, while at N = 128, over 
half a second would be needed. A Fast Fourier Trans- 
form is an algorithm which uses less multiplications, 
and is therefore faster. To calculate the actual time sav- 
ings, it is first necessary to understand 
how a FFT 
works. 


The FFT algorithm makes use of the periodic nature of 
waveforms and some matrix algebra tricks to reduce 
the number of calculations needed for a transform. A 
more complete discussion of this is in Appendix A, 
however, the areas that need to be understood to follow 
the algorithm 
are presented here. This information 
need not be read if the reader's intent is to use the 
program and not to understand the mathematical pro- 
cess of the algorithm 


To simplify notation 
the following substitutions 
are 
made in Equation 8. 


W = e-j21T/N 


n 
n=- 
NT 


The resultant equation being 
N-1 


x(n) =L n(k)Wnk 


k=O 
Expressed as a matrix operation 


[ 


X(1)] 
[we 
we 
we 
WO] 
X(2) 
we 
W1 
W2 
WN 
X(3) 
= 
W!J 
Vo{2 
Vo{4. 
. . 
W~N 


X(N-1) 
We W(N:-1) W2(N-1) ... 
W(N'-1)2 
[ 


Xo(O)] 
Xo(1) 


Xo(2) 


Xo(N~1) 


A brief review of matrix properties can be found in 
Appendix A. Because of the periodic nature of W the 
following is true: 


= COS (27Tnk/N) 
- j SIN (27Tnk/N) 


WO = 1 therefore, 
if nk MOD N = 0 , wnk = 1 


This reduces the calculations as several of the W terms 
go to 1 and the highest power of W is N. All of W 
values are complex, so most of the operations will have 
to be complex operations. We will continue to use only 
the W, X(n) and XO(k)symbols to represent these com- 
plex quantities. 


The FFT algorithm we will use requires that N be an 
integral power of 2. Other FFT algorithms do not have 
this restriction, but they are more complex to under- 
stand and develop. Additionally, for the relatively small 
values of N we are using this restriction should not 
provide much of a problem. We will define EXPO- 
NENT as log base 2 of N. Therefore, 


N = 2EXPONENT 


The magic of the FFT, (as detailed in Appendix A), 
involves factoring the matrix into EXPONENT 
matri- 
ces, each of which has all zeros except for a 1 and a 
wnk term in each row. When these matrices are multi- 
plied together the result is the same as that of the multi- 
plication indicated in Equation 9, except that the rows 
are interchanged and there are fewer non-trivial multi- 
plications. To reorder the rows, and thus make the in- 
formation useful, it is necessary to perform a procedure 
called "Bit Reversal". 


This process requires that N first be converted to a 
binary number. The least significant bit (lsb) is swapped 
with the most significant bit (msb). Then the next Isb is 
swapped with the next msb, and so on until all bits have 
been swapped once. For N =8, 3 bits are used, and the 
values for N and their bit reversals are shown below: 


Number 
Binary 
Bit 
Decimal 
BR 
Reversal 


0 
000 
000 
0 
1 
001 
100 
4 
2 
010 
010 
2 
3 
011 
110 
6 
4 
100 
001 
1 
5 
101 
101 
5 
6 
110 
011 
3 
7 
111 
111 
7 


Recall that the FFT of real data provides a mirrored 
image output, but the FFT algorithm can accept inputs 
with both real and imaginary components. Since the 
inputs for harmonic analysis provided by a single A to 
D are real, the FFT algorithm is doing a lot of calcula- 
tions with one input term equal to zero. This is obvious- 
ly not very efficient. More information for a given size 
transform can be obtained by using a few more tricks. 


inter 


It is possible 
to perform 
the FFf 
of two real functions 


at the same time by using tne imaginary 
input values to 


the FFf 
for the second 
real function. 
There 
is then 
a 


post 
processing 
performed 
on the 
FFf 
results 
which 


separate 
the FFfs 
of the tHO functions. 
Using a similar 


procedure 
one 
can 
perform 
a transform 
on 
2N 
real 


samples 
using an N complex 
sample 
transform. 


The procedure 
involves 
alternating 
the real sample 
val- 


ues between 
the real and imaginary 
inputs 
to the FFf. 


If, as in our example, 
the ilput 
to the FFf 
is a 2 by 32 


array 
containing 
the complex 
values 
for 32 inputs, 
the 


64 real samples 
would be loaded 
into it as follows: 


N 
00 01 02 (1304 05 06 07 ..... 30 31 


REAL 
000204 
(1608 10 12 14 ..... 60 62 


IMAGINARY 
01 03050709 
11 13 15 ..... 61 63 


This procedure 
is referred 
to as a pre-weave. 
In order to 


derive 
the desired 
results, 
the FFf 
is run, 
and then 
a 


post-weave 
operation 
is pel formed. 
The formula 
for the 


post-weave 
is shown 
belm,,: 


x 
[A(n) 
A(N-n)] 
71'n[I(N) 
I(N - n)] 
r(n)~ 2+-2- 
+;osN 
2+-2- 
- 


71'n[A(n) 
A(N - II)] 
sinN 
-2----2-- 
n~0,1 
•... 
,N-1 


K(n) ~ [I(n) _ I(N - n)] _ sin71'n[I(n) + I(N - n)] _ 


I 
2 
2 
N 
2 
2 


cos71'n[A(n) _ A(N -~] 
n ~O 1 
N 
2 
2 
" 
...• 
N-1 
(11) 


Where 
R(n) 
is the real FFf 
output 
value 


I(n) is the imaginary 
FFf 
output 
value 


Xr(n) 
is the real post-weave 
output 


Xi(n) is the imaginary 
post-weave 
output 


Note 
that 
the output 
is now one-sided 
instead 
of mir- 


rored 
around 
the center 
frequency 
as it is in Figure 
5. 


The magnitude 
of the signal at each frequency 
is calcu- 


lated 
by 
taking 
the 
square 
root 
of the 
sum 
of the 


squares. 
The magnitude 
can now be plotted 
against 
fre- 
quency, 
where 
the frequency 
steps are defined 
as: 


n 
NT 
n = 0, 1, 2, 3, ... 
, N-1 


Where 
N is the number 
of complex 
samples 
(ie. 32 in 


this case) T is the time between 
samples 


A value of zero on the frequency 
scale corresponds 
to 


the DC component 
of the waveform. 
Most signal analy- 


sis is done using Decibels 
(dB), the conversion 
is dB = 
10 LOG (Magnitude 
squared). 
Decibels 
are not used as 


an absolute 
measure, 
instead 
signals 
are compared 
by 


the difference 
in decibels. 
If the ratio 
between 
two sig- 


nals is 1:2 then there 
will be a 3 dB difference 
in their 


power. 


There 
are 
several 
things 
to be aware 
of when 
using 


FFfs, 
but 
with 
the 
proper 
cautions, 
the 
FFf 
output 


can be used just 
like that 
of a spectrum 
analyzer. 
The 
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first precaution is that the FYI is a discrete approxima- 
tion to a continuous Fourier Transform, so the output 
will seldom fit the theoretical values exactly, but it will 
be very close. 


Since the programs in this application note generate a 
one-sided transform with N = 32, the frequency granu- 
larity is fairly course. Each of the frequency compo- 
nents output from the FYI is actually the sum of all 
energy within a narrow band centered on that frequen- 
cy. This band of sensitivity is referred to as a "bin". 
The reported magnitude is the actual magnitude multi- 
plied by the value of the bin window at the actual fre- 
quency. Figure 6 shows several bin windows. Note that 
these windows overlap, so that a frequency midway be- 
tween the two center frequencies will be reported as 
energy split between both windows. Be careful not to 


confuse the sampling 
window NT with bin windows or 
with the windowing function. 


Another area of caution is the relationship of the sam- 
pling window to the frequency of the waveform. For 
the best accuracy, the window should cover an exact 
multiple of the period of the waveform being analyzed. 
If it covers less than one period, the results will be 
invalid. Other variations from ideal will not produce 
invalid results, just additional noise in the output. 


If the sampling window does not cover an exact multi- 
ple of all of the frequency components of a waveform, 
the FYI results will be noisy. The reason for this is the 
sharp edge that the FYI sees when the edges of the 
window cut off the input waveform. Figure 7 shows a 
waveform that is an exact multiple of the window and 


the periodic waveform that the FFf output reflects. In 
Figure 8, the waveform is not a multiple of the window 
and the waveform that the FFf output reflects has dis- 
continuities. 
These disco.ltinuities 
contribute 
to the 
noise in an FFf 
output. This noise is called "spectral 
leakage", or simply "leakage", since it is leakage be- 
tween one frequency spel'trum and another which is 
caused by digitization of an analog process. 


To reduce this leakage, a process called windowing is 
used. In this procedure the input data is multiplied by 
specific values before bein~ used in the FFf. The term 
'~windowing" is used beca lse these values act as a win- 
dow through which the ir put data passes. If the input 
window goes smoothly to zero at both endpoints of 
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(a). Original Signal and Hanning Window 


the sampling window, there can be no discontinuities. 
Figure 9 shows a Hanning window and its effect on the 
input to an FFf. 
The Hanning window was named af- 
ter its creator, Julius Yon Hann, and is one of the most 
commonly used windows. More information on win- 
dowing and the types of windows can be found in the 
paper by Harris listed in the bibliography. As expected, 
the results of the FFf are changed because of the input 
windowing, but it is in a very predictable way. 


Using the Hanning window results in bin windows 
which are wider and lower in magnitude than normal, 
as can be seen by comparing Figure 6 with Figure 10. 
For an input frequency which is equal to the center 
frequency of a bin window, the attenuation will be 6 dB 
on the center frequency. Since the bin windows are 
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(b). Signal After Hanning Window 


Figure 9. Effect of Hanning Window 
on FFT Input 
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Figure 10. Bin Windows 
after Using Hanning 
Input Window 
• 


wider than normal, the input frequency will also have 
energy which falls into the bins on either side of center. 
These side bins will show a reading of 6 dB below the 
center window. The disadvantage of this spreading is 
far less than the advantage of removing leakage from 
the FFf 
output. 


A set of FFf 
output plots are included in the Appen- 
dix. These plots show the effect of windowing on vari- 
ous signals. There are examples of all of the cases de- 
scribed above. A brief discussion of the plots is also 
presented. 


Applications which can make use of this frequency 
magnitude information include a wide range of signal 
processing and detection tasks. Many of these tasks use 
digital fJltering and signature analysis to match signals 
to a standard. This technique has been applied to anti- 
knock sensors for automobile engines, object identifica- 
tion for vision systems, cardiac arrhythmia detectors, 
noise separation and many other applications. The abil- 
ity to do this on a single-chip computer opens a door to 
new products which would have not been possible or 
cost effective previously. 


The next four sections of this application note cover the 
operation of the programs on a line by line basis. Sec- 
tion 6 shows an implementation of the FFf 
algorithm 
in BASIC. This code is used as a template to write the 
ASM96 code in Section 7. Sections 8, 9, and 10 cover 
the code sections which support the FFf module. After 
all of the code sections are discussed, an overview of 
how to use the program is presented in Section II. 


The algorithm for this FFf is shown in the flowchart in 
Figure II and the BASIC program in Listing 1. There 
are four sections to this program: initialization, pre- 
weaving, transform calculation, and post-weaving. The 
flowchart is generalized, however, the BASIC program 
has been optimized for assembly language conversion 
with 64 real samples. 


On the flowchart, the initialization and pre-weaving 
sections are incorporated as "Read in Data". The data 
to be read includes the raw data as well as the size of 
the array and the scaling factor. The details for pre- 
weaving have been discussed earlier, and initialization 
varies from computer to computer. 
LOOP COUNT 
keeps track of which of the factored matrices are being 
multiplied. SHIff 
is the shift count which is used to 
determine the power of W (as defined earlier) which 
will be used in the loop. 


For each loop N calculations are performed in sets of 
two. Each calculation set is referred to as a butterfly 
and has the following form: 


X(k)=z + --+ X(k) 
"Wpl 


"Wp2 
X(k+N2) 
+ --+ X(k+N2) 
270189-15 
X(k):L 
Wpl 


Wp2 
X(k+N2) 


OR 


X1(k) = Xo (k + N2)"Wp1 + Xo(k) 


X1(k + N2) = Xo(k)"Wp2 + Xo(k + N2) 


In general, the W factors are not the same. However, 
for the case of this FFf 
algorithm, Wp1 will always 


equal (- Wp2). This is because of the way in which "p" 
is calculated, and the fact that W(x) is a sinusoidal 
function. 


The inner loop in the flowchart is performed N2 times. 
For LOOP = 1, N2=N/2 
and if INCNT=N2 
then 


k = N2 and k + N2 = N, so the first loop is done and 
parameters LOOP, N2, and SHIff 
are updated. For 
the first loop, all N/2 sets of calculations are performed 
contiguously. As LOOP increases, the number of con- 
tiguous 
calculations 
are 
cut 
in 
half, 
until 


LOOP = EXPONENT. 


When LooP=EXPONENT, 
N2= 1, the butterfly is 


then performed on adjacent variables. Figure 12 shows 
the butterfly 
arrangement 
for a calculation 
where 


N=8, 
so that EXPONENT = 3. 


The BASIC program follows this flowchart, but opera- 
tions have been grouped to make it easier to convert it 
to assembly language. Also not shown in the flowchart 
are several divide by 2 operations. There are five in the 
main section, one per loop. These provide the TINT 
factor in equation 8 for N = 32 (25= 32). There is also 
an extra divide by two in the post-weave section. It is 
required to prevent overflows when performing the 16- 
bit signed arithmetic in the ASM96 program. As a re- 
sult of these operations, the input scale factor is ± 1 = 
± 32767 and the output scaling is ± 1 = 
± 16384. 


Note, the maximum input values are ±O.99997. 


inter 


TMP = Wp• X(k + N2) 
X(k + N2) = X(k) - TMP 
X(k) = X(k) + TMP 
• 


100' 
THIS IS FFT13, FEBHUARy'4, 
1986 
105 ' 
110 
115 
120 
' 
125' 
THIS PROGRAM PERFORMS A FAST FOURIER TRANSFORM ON 64 REAL DATA POINTS 
130 ' USING A 2N-POINTS WITH AN N-POINT TRANSFORM ALGORITHM. 
THE FIRST 
135 ' SECTION OF THE PROGRAM PERFORMS 
A STANDARD TRANSFORM ON DATA THAT HAS 
140 ' BEEN INTERLEAVID BETWIIN THE REAL AND IMAGINARY 
INPUT VALUIS. 
THI 
145 ' RESULTS OF THAT TRANSFORM ARE TREN POST-PROCESSED 
IN THE SECOND SBCTION 
150 ' OF THB PROGRAM TO PROVIDE THI 32 OUTPUT BUCKETS. 
THB OUTPUT VALUIS ARI 
155 ' MULTIPLIBD 
BY "M" TO MAKB IT BASY TO COMPARE WITH THB ASM-96 PROGRAM 
160 ' 
165 INPUT "NAMB OF LIST FILB"; LST$ 
170 PRINT 
175 OPBN LST$ FOR OUTPUT AS '1 
180 ' 
200 
210 DIM XR(32),XI(32),WR(32),WI(32),BR(32) 
220 M=16383 
' M=MULT. 
FACTOR FOR SCALING 
230 N=32 : Nl=31 
: N2=N/2 
• N=NUMBIR OF DATA POINTS 
240 LOOP=l 
: K=O : BXPONBNT=5 
: SHIFT=BXPONBNT-l 
' 2**B=N 
250 PI=3.141592654' 
: TPN=2*PI/N 
: PIN=PI/N 
260 ' 
270 
280 fOR P=O TO 31 
290 WR(P)=COS(PN) 
300 NUT 
P 
310 ' 
320 FOR K=O TO 31 
330 READ XR(It) 
350 NUT 
It 
360 ' 
400 
410 
420 
430 
440 
445 
' 
450 INCNT=INCNT+l 
460 P=BR(INT(It/(2ASHIFT») 
470 WRP=WR(P) 
: WIP=WI(P) 
: KN2=K+N2 
480 TMPR= 
(WRP*XR(KN2) - WIP*XI(KN2»/2 
490 TMPI= (WRP*XI(ItN2) + WIP*XR(KN2»/2 
500 TMPRl=XR(It)/2 : TMPIl=XI(K)/2 
510 XR(K+N2) = TMPRI - TMPR 
' TMPR, TMPI ARE THB RBAL AND IMAGINARY 
520 XI(I+N2) = TMPII - TMPI 
' RISULTS OF A COMPLBX MULTIPLICATION 
630 XR(K) 
TMPRI + TMPR 
540 XI(It) = TMPII + TMPI 
550 ' 
560 1=It+l 
570 IF INCNT<N2 THBN GOTO 450 
580 1=I+N2 
• SINCB THE ARRAY IS PROCBSSID 
2 POINTS AT A TIMB, 
590 IF I<Nl THIN GOTO 430 
'ONLY 
N/2 LOOPS NIID TO BI MADI. 
ON IACH PASS, 
600 LOOP=LOOP+l 
: N2=N2/2 
'THE 
VALUE OF N2 CHANGIS AND SMALLIR CONSICUTIVI 
605 SHIfT=SHIFT-l 
' SICTIONS ARI PROCISSID. 
610 GOTO 400 
620 ' 
690 ' 
691 ' 
692 ' 
693 ' 


, COPYRIGHT 
INTEL CORPORATION, 
1985 
, BY IRA HORDIN, MCO APPLICATIONS 


1=0 
IF LOOP>IXPONINT 
THIN 700 
INCNT=O 


, WRP AND WIP ARE CONSTANTS 
BASBD ON 
, SINBS AND COSINBS OF BIT RBVIRSBD 
, VALUBS OF K SHIFTED RIGHT S TIMBS 


694 
• 
695 
' 
696 
• 
697 
• 
700 
710 
' 
720 
FOR K = 0 TO 31 
730 
IlPIN=UPIN 
740 
XRBRK=XR(BR(K» 
: XIBRK=XI(BR(K» 
• CONDENSED 
750 
XRBRNIl=XR(BR(N-K» 
: XIBRNK=XI(BR(N-K» 
760 
TI = (XIBRK+XIBRNK)/2 
770 
TR = (XRBRK-XRBRNK)/2 
780 
XRT= 
(XRBRK+XRBRNK)/4 
790 
XIT= 
(XIBRK-XIBRNK)/4 
800 OUTR= 
XRT 
+ TI*COS(KPIN)/2 
- TR*SIN(KPIN)/2 
810 OUTI= 
XIT - TI*SIN(KPIN)/2 
- TR*COS(KPIN)/2 
820 
• 
830 MAGSQ 
= OUTR*OUTR+OUTI*OUTI 
840 MAG 
= SQR(MAGSQ) 
845 
IF MAGSQ*M 
< .5 THEN 
DECIBEL=O 
847 
DBFACT=M/2/32767*M 
• M 
A2 
/ 64K 
850 
DECIBEL=10*LOG(MAGSQ*DBFACT) 
860 
DECIBEL=DECIBEL 
* 
.434294481' 
900 
GOTO 930 
910 PRINT 
'1, 
USING 
"•••••• 
920 PRINT 
fl, 
USING 
••, 
930 
' GOTO 
950 
942 PRINT 
'1, 
USING 
943 PRINT 
'1. 
USING 
945 
PRINT 
'1. 
USING 
947 
PRINT 
'1, 
USING 
950 
NEXT 
K 
960 
' 
970 
IF LST$<>"SCRN:" 
THBN 
PRINT 
'1, CHR$(12) 
999 
END 
1000 IND 
1010 
1020 DATA 
1030 DATA 
1040 
1050 DATA 
1060 DATA 
1070 DATA 
1080 DATA 


, THB ASM-96 
PROGRAM 
USES 
A TABLE 
LOOK-UP 
, ROUTINI 
TO CALCULATI 
SQUARE 
ROOTS 
GOTO 
900 


"; 
It. 
'''; HIX$(M*OUTR), 
HIX$(M*OUTI). 
HEX$(M*MAG) 


,... 
"; 
X; 
" 
. 
••••••••• 
" 
. 


"; OUTR.OUTI,MAG; 
, DICIBEL; 
"; M*OUTR, 
M*OUTI, 
M*MAG 


• DATA 
FOR BR(P) 
- BIT REVERSAL 
0,16,8,24.4,20,12.28.2.18,10.26,6.22.14,30 
1,17,9,25.5,21,13,29.3.19.11.27.7.23.15.31 
, DATA 
FOR 
XR.XI 
2,2,2,2,2,2,2,2,2.2.2,2.2,2.2,2 
2.2.2,2,2,2.2,2,2,2,2,2,2,2.2,2 
-2.-2,-2,-2,-2,-2.-2.-2,-2,-2.-2,-2,-2,-2,-2,-2 
-2,-2.-2,-2,-2.-2,-2,-2,-2,-2,-2,-2,-2,-2,-2,-2 
• 


inter 


Lines 165-175 set up the file for printing the data, this 
can be SCRN:, LPTI:, or any other file. 
. 


X(O)~X(O):><: 
X(O) 
X(I) 
x(1)------x(l) 
X(2) 
X(2) 
•••:><:_-__ X(2) 
X(3) 
X(3)-----X(3) 
X(4)~X(4):><: 
X(4) 
XeS) 
X(S)-----X(S) 


X(6) 
X(6)-:><:--- X(6) 
X(7) 
X(7) 
.•• 
-••••.• 
- 
•...•••• 
X(7) 
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Lines 200-310 set up the constants and calculate the 
Wp terms which are stored in the matrices WR(p) and 
WI(p), for the real and imaginary component respec- 
tively. 


Lines 320-350 read in the data, alternately placing it 
into the real and imaginary arrays. The data is scaled 
by 2 to make the data table simpler. 


Lines 410-430 initialize the loop and test for comple- 
tion. 


Lines 450-620 perform the FFf algorithm. Note that 
all calculations are complex, with the suffixes "R" and 
"I" indicating real and imaginary components respec- 
tively. 


The variables on line 470, TMPRI 
and TMPIl 
would 


normally not be used in a BASIC program as more 
than one operation can be performed on each line. 
However, indirect table lookups always use a separate 
line of assembly code, so separate lines have been used 
here. 


Lines 700-810 perform the post-weave. This is not in 
the flowchart, but can be found in Equation II. Once 
again, table look-ups are separated and additional vari- 
ables are used for clarity. The variables BR(x) are the 
bit reversal values of x. 


Line 830 calculates the magnitude of the harmonic 
components. 


Lines 900-950 print the results of the calculations, with 
line 900 determining if the print-out should be in hex or 
decimal. 


Lines 1000-1080 are the data for the bit reversal values 
and input datapoints. The input waveform is one cycle 
of a square-wave. 


The BASIC program just presented has been used as an 
outline for the ASM96 program shown in Listing 2. 
There 
are 
many 
advantages 
to 
using 
the 


BASIC program as a model, the main ones being de- 
bugging and testing. Since the BASIC program is so 
similar in program flow to the ASM96 program, it's 
possible to stop the ASM96 program at almost any 
point and verify that the results are correct. 


SUIBS-III 
1al-96 
IIACIIOASSIlMBLBR,Vl.O 


SOUIlCIrILl: 
:r2:rrTIIIlH.A96 
OII.JICTrILl: 
: r2: J'rTHllN.OBJ 
CONTIlOLSSPlCIrIlD 
IN INVOCATION00IIWlD: 
IlO8B 


SOU1lCBSTATIIMBIiT 
._eleDlth(50) 


rrT_RUN 
I«lDULI STAClSIZB(6) 


Thi• .adule 
perforwa 
a fut 
laurier 
tnm.:torw 
(1fT) 
OD 
64 real 
data 
point. 
\l81D, 
a 2M-point 
algoritlm. 
The aI.oritba 
involve. 
\Wing 
a ataodard 
rrT 
procedure 
for 
32 reel 
and 32 iMainary 
nUllbe.... 
The reel 
aDd t.aginary 
erraya 
ere 
filled 
alternately 
with 
real 
dete 
pointa, 
and the 
output 
of 
the 
rn t. 
MID throueb a poet-proceeaor. 
ftte ~ult 
ta a one aided 
array with 32 
output 
bucketa. 
The poet 
proceeai 
••• includea 
a table 
lookup 
algoritlllo 
for 
teki ••• the 
aquare 
root 
of 
an unaigned 
32-bit 
lI1aIber. 


All 
of 
the 
caleuletiona 
in 
tbe 
•••in 
FI"I' pro ••••• 
ere 
done viDg 
16-bit 
.i~ed 
iDte,era. 
The -.xi.Mm 
vlllue ot any frequency 
~eDt 
i. therefore 
+/- 
321. 
(Note 
thet 
a aquare 
wave of +/-321 
baa a fun_tal 
cc.pcment 
greeter 
tbBD +/- 
401). 
Wherever 
poeaible 
tablea 
ere 
uaed 
to 
increeae 
tbe 
apeed 
of _tb 
operetiona. 
The c.-plete 
tranafono, 
iDCludiDg 
obtaining 
tbe 
abaolute 
_i 
tude 
of 
aacb 
frequencY 
COIIpoDoot, exeeutea 
in 
12 
ailliaecoDda 
with 
internal 
varil!lbl_. 
14 _ 
with 
external. 


The prop'. 
require. 
two 32-word 
input 
.~, 
with 
t.he 
• .-ple valuel 
alternated 
between 
the 
two. 
Theae atert 
at 
XRIlALaDd XDIAG. The reaultant 
_itude 
will 
be placed 
in e 32-word 
array 
at 
rl"l'_OlIT. 
Theae ere 
all 
externally 
defined 
veriablea. 
The external 
conatant 
SCALI rACTOR1& uaed 
to 
divide 
the 
output 
_ 
averaging 
will 
he uaed. 
Since 
tbe 
pro ••••• 
averagea 
ita 
output, 
it 
1& neceaaary 
to 
cleer 
the 
erray 
bued 
at 
rrT_OUT before 
calli 
••• rrT_CAW to 
atert 
the 
pro ••.••• 


The pro ••.•••••• 
originally 
written 
in BASIC for 
teating 
purpoaee. 
The 
~ta 
include 
t_e 
BASIC atat_ta 
to •••• e it 
eaaier 
to 
follow 
tbe 
algorit 
••• 


_. 


I«:S-96 
lIACIIO ASSBMBLBR 
FFT_RIJH 
02/18/86 
PAGll 
2 
I 
I et 


IRR toe 
OII.JICT 
LIN! 
SOUIICI STA_NT 
38 
0000 
39 
IISIO 


40 
IBTRII 
portl, 
zero, 
error 
41 
0024 
42 
OSlO at 
248 
0024 
43 
M'Il: 
doll 
1 
Tsporary 
re,iater. 
Real 
0028 
44 
TlFI: 
doll 
1 
T_rary 
roll.tar, 
IMainary 
ooze 
45 
M'Ill: 
clal 
1 
T-.porary 
real.terl, 
Real 
0030 
46 
'lMPIl: 
doll 
1 
T_rary 
re,ioterl, 
IMainary 
0034 
47 
1B'lMP: 
doll 
1 
Te.porary 
data 
re,iater. 
Real 
0038 
48 
1I'lMP: 
doll 
1 
T_rary 
doIta 
re,t.ter, 
IMainary 
r- 
003C 
49 
1BIlI: 
doll 
1 
ii 
0040 
50 
llIlBNI: 
doll 
1 
- 
0044 
51' 
BIRI: 
doll 
1 
S- 
ea 
0048 
52 
IIRNI: 
doll 
1 
N 
003C 
53 
diN 
equ 
xrrk 
: lon, 
; Tele 
difference for .•quare root 


~ 


0040 
54 
aqrt 
equ 
xrrnk 
:loD, 
; Square 
root 
0040 
55 
10' 
equ 
xrrnk 
: lon, 
; 
10 tor 
_itude 
A2 
en 
0044 
55 
nxtloc 
equ 
xirk 
:1001 
i Next location in table 
~ 
57 


CO 
oo3C 
58 
IlIIP 
equ 
xrrk 
:word 
; Multiplication 
fector, 
Reel 
CJ) 
0031 
59 
lfIP 
equ 
xrrk+2 
: word 
; Multiplication 
fector, 
lJoaIinary 
~ 
~ " 


0040 
50 
PlfR 
equ 
xrrnk 
:word 
'tl 
~ 
0042 
61 
IN_CNT 
equ 
xrrnk+2 
:word 
IN 
I\) 
0044 
62 
NDIY2 
equ 
xirk 
:word 
: n divided 
by 
2 
(0 
( n ( N) *2 
..•.• 
~ 
'1J 
63 
CIl 
.. 
0 
004C 
54 
IPTR: 
dew 
1 
i I[ tor COUDter *2 to 
index 
worda 
ea 
0041 
65 
02: 
dew 
1 
; IPTR + NDIV2 
.. 
0050 
66 
N 8111 I: 
dew 
1 
; N-I 
*2 to 
index 
worda 
III3 
0052 
67 
Ri: 
- 
dew 
1 
; lit 
rev.,..ed 
pointer 
of IPTR 
0 
0054 
68 
RNI: 
dew 
1 
; Bit 
reverood 
pointer 
of 
N_SOB_K 
0056 
69 
811FT CNT: 
dew 
1 
0 
0068 
70 
LOOP=CNT: 
clab 
1 
a 
0041 
71 
ptr 
equ 
1m2 
:word 
j 
Pointer 
for 
.quare 
root 
table 
S" 
0000 
72 
DSIO 
C 
73 
<D 
So 
74 
IITRII 
rrUllDl 
; 
FFT_IIlDB: 
-.de 
for 
nT 
input 
end 
crePbin, 
75 
IIlTRN 
XIIIAL. 
BIMAG 
; XRlAL. XIMAG: Bue 
_ 
••••• 
for 
32 
16-bi 
t 
.iBDed 
76 
; eDtriM 
for 
real 
ad ~Dary 
D~er. 
reepectively. 


77 
IITRII 
nT_OUT 
i '"_OUT: 
Startin. 
addreea 
tor 
32 word arrey 
78 
i of __ 
itude 
Info~tiOD. 


79 
0000 
80 
OUTR: 
claw 
32 
; _l~tofNt 
0040 
81 
OUTI: 
doIw 
32 
i x-,inary 
~Deut 
of wavetonl 
82 
PUBLIC OUTR,OUTI 
83 
84 
$IJBCT 
270189-34 


22lIO 
C 
228Il 
1100 
III 
2282 
110100 
- 
5' 
2285 Ie 
CO 
t 


2286 
110158 
2289 
110466 
22lIC AI200044 
UI 
2290 
!l: 
CD 
2290 
960400 
CIIl 
2293 
014C 
~ 
'TI 
:!I 
229ll 
990558 
I\) 
2298 
DA0220A3 
U1 
'V.. 
0 
CO 
22llC 
iiJ 
22llC 
0142 
3 
'0 
2291 
0 
2291 
6&020042 
~ 
;;, 
22A2 
AlI4C4O 
c: 
CD 
22A5 
08lI640 
8 
22AII 71_ 
22AII A341003840 


22110 A34144393C 
22115 A341l1639:D 
22lA44444C4I 


FIT_RllN 


LINI 
86 
86 
frI 
B8 
89 
90 
91 
92 
93 
94 
95 
96 
fIT 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
118 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 


Stu1:inI 
poiDt 
for 
FIT 
alcorlt 
•• 


Shift 
fector 
•• eel to 
p •.•••••••t 
overfl_ 
_ 
avenoc1Dc 
fft 
outputa 


clrvt 
lei> 
l00p_CDt,'1 
lei> 
abft_CDt,H 
Id 
DcI1v2,f32 


OUT LOOP: 
- 
xorb 
clr 
portl,fOOOOO1001 
; _ 
lDdicetiOll 
0111,. 
kptr 
. , , • 
420 
II' LOOP > lIP 
1'IIIN 700 
loop _ CDt, 
f5 
; 
32=2"5 
UIIIlIlA9Il 


Id 
pwr,kptr 
abr 
pwr,abft_CDt 
- 


pwr,.111111108 
Id 
pwr,bnv[pwr) 
"'1 
cw: 
Id 
wrp,wr[pwr) 
Id 
wip,w1[pwr) 
edd 
1m2. kptr, Deli92 
$eject 


_. 


1«:8-96 
IlACIIOAB8_LBR 
fFT_1lIlN 
02/18/86 
PAIIB 
4 
I 
Il 


IRR we 
OBJICT 
LID 
SOUIICI STo\~NT 
128 
;; 
C•••• lex 
..utiplicatiOll 
fo11_ 
129 
130 
; 
tapr,wrp,xreal(b2] , 
480 
_ 
(WRP*XR(IN2) - 
WIP*XI(IN2»/2 
2211 
n4r4lOOOO3C24 
1 
131 
p: 
au1 
22C6 rB4r4roOOO3l28 
1 
132 
••.•1 
tllpi,wip, 
xiMellm2) 
22CC 682A26 
133 
.ub 
tllP •••.2, tllpi+2 
134 
; 
tllpr I, wrp, xiMe£ b.2j 
490 
tMPl; 
(WIIP*lI(IN2) 
+ IfIP*XR(IN2»/2 
22Cr 
rB4r4lOOOO3C2C 
1 
136 
••• 1 
2206 
n4r4roooo3128 
1 
138 
••.•1 
tllpl,wip,xreelllm2) 
22DD 642120\ 
131 
..sd 
tllpl+2, 
tllprl+2 
138 
C 
139 
.. 
••• 1", 
the 
hip 
byte 
0Il1y of 
e eiped 
..utiply 
III 
140 
.. 
provldee 
ell effective 
divide 
by 
two 
- 
S' 
141 
IQ 
2210 
DC55 
142 
IVT 
1RR1 
j Bruch 
on error 
in ca.plex 
••. 1tiplicatioaa 
N 
143 
! 


2212 
A34DOOOO2C 
1 
144 
Id 
tllprl,xreel 
[kptr) 
lilt 
!IOO tMPJI1;IR(X)/2 
2217 
OAOl2C 
145 
ebre 
tllprl,.l 
II" 
tMPIl=II(X)/2 
r.n 
2210\ A34D000030 
1 
146 
Id 
tllpll, 
xiMe 
[kptr) 
3: 
221r 
00\0130 
147 
ebra 
tllpll,U 
CO 
148 
G) 
149 
;;;i 
810 
XR(IN2) 
; 
tMPRl - 
tMPR 
J- 
Ol 
"Tl 
22F2 48262C34 
180 
••. 2: 
eub 
xrtllp, 
tllpr1, 
tIIp •••.2 
'U 
, 
~ 
22rB 
C34rooo034 
B 
181 
et 
xrtllp, 
xreel[1m2 
J 
. 
..• 
182 
820 
11(1N2) 
; 
1MPIl 
- 
'lMP1 
N 
I\) 
; 
..., 
Ol 
'll 
22n 
4820\3038 
183 
CX2: 
eub 
xl tIIp, tllpll, 
tllpi+2 
.. 
<II 
0 
22rr 
C34roooo38 
1 
164 
et 
xitllp,xiMellm2j 
IQ 
188 
; 
"11 
830 
IR(X) 
; 
1MPIl1 + tMPR 
iil 
2304 
44262C34 
186 
edd 
xrtllp, 
tllprl, 
tIIp •••.2 
3 
2308 
C34D000034 
B 
187 
et 
xrtllp,xreel 
[kptr) 
a 
188 
xi_, tllpil, b1pi~i;i 
S40 
11(1) 
; 
1MPIl 
+ 1MP1 
230D 4420\3038 
189 
cx: 
..sd 
0 
2311 
C340000038 
B 
160 
et 
xitllp,xiMelkptr) 
;a 
161 
:r 
23160023 
162 
IVT 
BRR2 
j 
Braracb. GO 
error 
in ~lex 
edditioaa 
c: 
163 
ID 
S, 
164 
.eJect 
270189-36 


1«:8-96 
IIoICIIl _UlR 
rrT_RUIl 
02/18/86 
p- 
5 


ID 
LOC 
0lI.JICT 
LIllI 
SOIlR:I 
STA,...IIT 
166 
"" 
560 
K=K+1 
2318 
8502004C 
166 
1k: 
acid 
kptr,t2 
16'7 
168 
"fl 
510 
If 
IIICIIT<II2 
ftIIl 
OO!O 450 
2310884442 
169 
COIP 
1D_CIIt, Ddh2 
23lr 
D6022'118 
110 
bIt 
III_LOOP 
111 
112 
,t" 
580 
K=I+II2 
232364444C 
113 
acid 
kptr,Dd1v2 
114 
",. 
580 
If 
I<N} 
ftIIl 
OO!O 430 
2326 
893IOO4C 
115 
COIP 
kptr,t62 
232A 
D6022161 
116 
bIt 
IIID_LOOP 
111 
118 
II,. 
600 
LOOP=LOOP+1 
: 
112=112/2 
2321 
1158 
119 
1Dcb 
l00p_CIIt 
"" 
605 
SBUT=SII"+ 
1 
2330 
040144 
ISO 
.bra 
Dd1v2,tl 
2333 
15S6 
181 - 


.hft_CIIt 
112 
"J' 
610 
OO!O 400 
2335 
2159 
183 
br 
our_LOOP 
184 
185 
2331 
810100 
1 
186 
1RR1: 
Idb 
error,tol 
overflow 
error. 
l.t 
•• t 
of 
calcul.U_ 
233A 
ro 
181 
ret 
2338 
810200 
II 
188 
102: 
Idb 
error,f02 
overflow 
error, 
2Dd •• t 
of 
calculaUOIlII 
2331 
ro 
189 
ret 
180 
191 
$1:JllCT 


II 


_0 


1ICS-96 
MACIlD ASS_LIR 
rrT_RUH 
02/18/86 
PAGIl 
6 
I 
I et 


IBR 
LOC 
OBJICT 
LIlli 
SOUIICI STATDBIT 
192 
193 
'I'. 
700 
' 
P06T-P11OC1lSIIIl 
AIID IlIORDIRIIIl 
STABTS BIRB 
233' 
194 
.-AYI: 
233' 
BI0200 
I 
196 
Idb 
portl,fOOOOOO10b 
i**·* 
196 
187 
; 
t", 
720 
lOll 
1t=0 TO 31 
2342 
014C 
198 
clr 
kptr 
2344 
&1400050 
199 
14 
D_.ub_k,164 
2348 
200 
UII_LOOP: 


201 
: 
,.,. 
740 
UBIlIt=II(BR(It» 
: 
1RB1lIt=IR(BR(It) 
2348 
A340003852 
202 
14 
rk,brev[kptr] 
r- 
2340 
A35300003C 
I 
203 
14 
xrrk, 
xreal 
[rkl 
;; 
2352 
063C 
204 
ext 
xrrk 
- 
2354 
A353000044 
I 
205 
14 
xirk,x1_lrk) 
S- 
ea 
23590644 
205 
ext 
xirk 
r 


207 
; 
ruk,breYlo_ollb_kj" 
, 
7150 UBJlIlJt=U(BR(JH(): 
IRBRIIJt=llR(BR(N--It) 
235B 
A351OO3854 
208 
14 
2360 
A35l5000040 
I 
209 
14 
xrruk, 
xreal Iruk) 
en 
2366 
0640 
210 
ext 
xrruk 
~ 
2367 
A35l5000048 
I 
211 
14 
xiruk,x1-elruk) 


CD 
238C 
0648 
212 
ext 
x1ruk 
0) 
213 
; 
"" 
760 
TI=(IIBIlIt 
+ IIBRIII)/2 
» 
~ ." 
236a 
44484428 
214 
or: 
IllId 
bpi,xirk,xinak 
'U 
:!I 
2372 
A04A2A 
215 
14 
t.p1+2,xiruk+2 
II\) 
I\) 
2375 
A4462A 
216 
IllIdc 
tlip1+2,x1rk+2 
.., 
Q) 
'V 
23780110128 
217 
obrel 
Up1,'1 
; 
16 b1t 
reoult 
10 tlip1 
U'I 
.. 
0 
218 
ea· 
219 
ijj; 
770 
TR=(1RB1lIt - 
IRBRIII)/2 
.. 
2378 
46403C24 
220 
ollb 
tapr I xrrk I xrrnk 
III3 
237' 
&03126 
221 
14 
Upr+2, 
xrrk+2 
'0 
2382 
A84226 
222 
ollbc 
t.pr+2,xrruk+2 
2385 
0110124 
223 
obral 
tlipr,tl 
; 
16 b1t 
reoult 
10 
Upr 
0 
224 
:l 
<:t. 
225 
fl" 
780 
IRT= 
(1RB1lIt + IRBRIII)/4 
:l 
2388 
44403C34 
226 
odd 
xrUp,xrrk,xmak 
C 
CD 
238C 
&03136 
227 
14 
xrtoop+2,xrrk+2 
.9: 
238' 
A44238 
228 
IllIdc 
xrt-.p+2. 
xrrnk+2 
2392 
000134 
229 
ohll 
KrUp,'14 
; 
32 
bit 
reoul 
t 
10 xrtIIp 
230 
231 
t'" 
790 
lIT: 
(IIBIlIt-IIBRIII)/4 
2396 
48484438 
232 
ollb 
xibp,xirk,xinak 
2399 
A0463A 
233 
14 
x1~2,xirk+2 
239C 
A84A3A 
234 
oubc 
x1~2,x1ruk+2 
238' 
000138 
235 
oh11 
xiUp,'14 
; 
32 b1t 
reoult 
10 x1Up 
236 
237 
$eject 
270189-38 
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f1'T_RUN 
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IRR 
!DC 
0IIJIlCT 
LINK 
SOOIICIl STA~NT 
238 
; 
"'" 
Multiply 
wUl 
provide 
effective 
divide 
by 
2 
239 
240 
; 
"" 
800 
OUTR= (IRT 
+ T1"C06",(II)/2 
- 
Tll*SIIIrN(II)/2) 
241 
23A2 
rB4F404038242C 
242 
mo: 
_I 
t~rl,~r,oiD!D[kptrJ 
23A9 
rB4F4DC2382830 
243 
_I 
~U. 
~l,coofD[kptrJ 
23BO 643034 
244 
odd 
xrt.p,~U 
2383 
A43236 
246 
ocldc 
x~2,~U+2 
2386682C34 
246 
oub 
xrt.p,~rl 
2389 
A82B36 
247 
oube 
xrt~2. 
~r1+2 
23BC <:34DOOOO36 
B 
248 
ot 
~2.outr(kptr) 
;i outR :: Real Output Valuea 
r- 
249 
iii 
250 
.. 
281 
; 
810 
OUTI= 
(XIT 
- 
T1"SIIIrN(II)/2 
- 
~",(1I)/2) 
5" 
",. 
IQ 
282 
I 


23Cl 
rB4F4DC238242C 
283 
.1: 
_I 
~rl, 
~r 
.coo!D(kptr) 
23C8 
rB4r4040382830 
2B4 
_I 
~U, 
~l.olDfD[kptr) 
23CF 
683038 
2B6 
oub 
x1~.~U 
fIl 
2SD2 A8323A 
2B6 
oube 
xltJ1p+2. 
~U+2 
~ 
23D5 
682C38 
287 
oub 
xl~,~rl 


CD 
23D8 
68213A 
288 
oub 
xltJ1p+2. 
~r1+2 
01 
23DB C34D4000SA 
R 
289 
ot 
xltJ1p+2, 
outi 
[kptr) 
;; OUTI:: x-&lDary 
OUtput 
value. 
~ 
~ 


"TI 
260 
'tI 
:!I 
261 
. 
I\) 
262 
.", 
830 
MAG =SQR(OUTIlOOUTR + OUT1"OIlTI) 
N 
...., 
<0 
'U 
263 
(II 
..0 
2380 
264 
ClIT_MAG: 
;; 
Oet 
•••••••itude 
of 
Vector 
IQ 
2380 
A03624 
2B6 
Id 
t.pr,xrtllp+2 
ii1 
23B3 
A03A28 
266 
Id 
~i,xltJ1p+2 
3 
267 


~ 


23116 rB6C2424 
268 
_I 
~.~r 
; 
~r 
= ~1**2 
+ ~r**2 
231lA rB6C2828 
269 
_I 
~1.~1 
:J 
2311 
642824 
270 
odd 
~r.~i 
5· 


23Fl 
A42A26 
271 
odde 
tllpr+2, 
t~1+2 
272 
c 
231'4 
32004C 
II 
273 
bbe 
Fn_lIllOlI.2 
,CALC_SQRT 
CD 
,e, 
274 
275 
.eJect 
270189-39 


I 


II:S-96 
IIACIIOASS_LIR 
Frr_RIlN 


BRR 100 
0B.1ICT 
LIMB 
276 
277 
278 
279 
23" 
280 
23" 
0166 
281 
23r9 
0f5624 
282 
23rc 
99Or156 
283 
23" 
DA04 
284 
285 
2401 
0140 
286 
2403 
202C 
287 
r- 
288 
2405 
289 
OJ 
2405 
44565656 
290 
.. 
3" 
291 
IQ 
2409 
AC27411 
292 
I\) 
240C 4441411411 
293 
! 


2410 
66083A41 
294 
295 
en 
2414 
A24f4O 
296 
~ 
2417 
A24144 
297 
CD 
298 
0) 
24lA 
684044 
299 
~ 
'TI 
300 
:!l 
241D AC263C 
301 
c.:l 
'U 
2420 
6C443C 
302 
0 
..• 
303 
0 
2423 
0C083C 
304 
IQ 
2426 
643C4O 
305 
..• 
DI 
2429080640 
306 
3 
307 
0 
242C A7570A3C40 
308 
0 
309 
::l 
310 
g 
311 
c 
2431 
312 
(!) 
2431 
080040 
II 
313 
S 
2434 
A40040 
II 
314 
2437 
674D000040 
II 
315 
243C C340000040 
I 
316 
317 
2441 
2045 
318 
319 


ohtt_cut 
tllpr, .hlt cnt 
ohtt_cut.i15 
LOG_ IN_1IAIlGB 


ditt,tIl 
10"ditf 
101,#5 


CALC LOG: 


- 
cir 


DO••• 1 
CIIII'b 
JIe 


cir 
10' 
br 
LOG_STOHl 


LOG_IN_IIAIlGB: 
add 
ehft_CIlt •• bft_alt,.bft_alt 


1c1bze 
ptr, 
t.pr+3 
; _t 
oilDitiCIIDt 
byte 
10 teb1e 
pointer 
add 
ptr,ptr.ptr 
; 


add 
ptr.' 
LOG_TABLI-256 
; pt!"" 
TobIe 
+ ottoet 
(ottoet;t-s>r+3) 
Uoe -256 
oiDee 
t-s>r+3 
io 
always 
>; 
128 


101 ; 
10' 
+ ditt/256 


8192/32 * 20LOG(x) 
; 
256 * 20LOG(x) 


101,101... ottoet [obtt_ 
cut] 


;; 
Lo. 
(MOIl); 
Lo.M 
+ Lo. 
N 


10•• ISCALI]AC'IOR 
10', zero 
10.,fFT_OUT[kptr] 
10', 
fFT_OUT[kptr] 


INDL 


I«:S-96 
MACRll ASSIlMBLBR 


IRR we 
OB.JKCT 


2443 


2443 
0156 
2445 
015624 


2448 
D705 
244A 
C04200 
244D 
2029 


2441 
r- 
2441 
AC274B 
iii" 
2452 
44414141 
- 
2456 
65083941 
S- 
eaI 


245A 
A24140 
245D 
A24144 


(J) 
2460 
684044 
iil: 
2463 
AC263C 
CD 
Q) 
2465 
6C443C 
~ 
." 
~ 
2469 
AC3D3C 
c.:> 
246C 
643C40 
~ 
"0.. 
2461 
44565656 
0 
ea; 
2473 
6F57C83940 
3 
0 
0 
2478 
::t 
2478080042 
S' 
2471 
A40042 
C 
2478 
674DOOO042 
CD 
.B 
2483 
C34DOO0042 


2488 
6502004C 
248C 
69020050 
2490 
Dro22684 


2494 
ro 


1FT_RUN 


LINB 
320 
321 
322 
323 
324 
325 
326 
B 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
B 
353 
I 
354 
B 
356 
I 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 


SQIIT IN 1WIGll: 
- 
-ldbze 
add 
add 


SQRT_IN_RANGB 
zero, aqrt+2 
SORT_STORR 


ptr,tllpr+3 
j Noet aignificaDt 
byte i. table 
pointer 
ptr,ptr,ptr 
ptr,' 
SQ_TABLB-256 
; ptr= 
Tabla 
+ offaat 
(offaet=t1lpr+3) 
Uae -256 
siDce 
tllPr+3 b 
always 
>= 
128 


add 
ahft _cot. ahft _cot .• hft _cnt 


aulu 
aqrt, t8b_aqr{ahft_CDt] 
j 
divide 
by DOnMllization 
factor 


SORT STORI: 
- 
abr 
addc 
add 
at 


BNOL: 
add 
aub 
boa 


aqrt+2,'SCALB 
'ACTOR 
aqrt+2,zero 
- 
aqrt+2, 
1FT_OUT [lcptr 
J 
aqrt+2, 
'FT_OUT[lcptr] 


kptr,#2 
D_aub_k,_2 
UN_LOOP 


_0 
~__ _ 
,~__ 
.,,,,,,, 
,_" 
, ,C( 


ERRLOC OIl.JICT 
LINK 
SOU1lCESTATIlMKNT 
367 
,$DoUot 
3800 
368 
CSI!G AT 
31100B 
, , , , 
Uoe 2k for 
tllbl •• 
369 
3800 
370 
SHIV: 
; 2*bit 
reverasl 
value 
371 
3800 0000200010003000 
372 
DCW 
2*0, 
2*16. 
2*8, 
2*24. 
2*4, 
2*20, 
2*12, 
2*2B 
3810 0400240014003400 
373 
DCW 
2*2, 
2*18, 
2*10, 
2*26. 
2*6, 
2*22, 
2*14, 
2*30 
3820 0200220012003200 
374 
DCW 
2*1, 
2*17, 
2*9, 
2*25, 
2*6, 
2*21. 
2*13, 
2*29 
3830 0600260016003600 
37S 
DCW 
2*3, 
2*19, 
2*11, 
2*27, 
2*7, 
2*23, 
2*lS, 
2*31 
376 
3840 
377 
SINPII: 
C 
3840 00008COCF918282S 
378 
DCW 
O. 
3212, 
6393, 
9!512, 
12539, 
IM46, 
18204. 
20787 
III 
3860 82SA.f1626D6AK270 
379 
DCW 
23170. 
2S329, 
2724S, 
28898, 
30273, 
313S6, 
32137, 
32609 
g: 
3860 1T71617F897D7C7A 
3110 
DCW 
32767. 
32609, 
32137, 
313S6. 
30273. 
28898, 
2724S, 
25329 
CO 
3870 82SA33S11C47S63C 
381 
DCW 
23170, 
20787, 
182M, 
IM46. 
12S39, 
9!512, 
6393, 
3212 
38110000074r3071l7D6OA 
382 
DCW 
0, 
-3212, 
-6393, 
-9!512. -12539, 
-lM46, 
-182M, 
-20787 
N1 


3890 7KAlIOP9D939!5118r 
383 
DCW 
-23170, 
-25329, 
-2724S, 
-28898, 
-30273, 
-313S6, 
-32137, 
-32609 


•••. 
3BAO011109F1107782_ 
384 
DCW 
-32767, 
-32609, 
-32137, 
-313S6. 
-30273, 
-28898, 
-2724S, 
-25329 
Cii 
3aBO 71A!5CDAKE4BBAAC3 
385 
DCW 
-23170, 
-20787, 
-182M, 
-lM46, 
-12539, 
-9!512, 
-6393, 
-3212 
i: 
38CO 0000 
386 
DCW 
0 
~ 
387 
Gl 
38C2 
388 
COSPII: 
):- 
<» 
"TI 
38C2 rF71617F897D7C7A 
389 
DCW 
32767, 
32609, 
32137, 
31356, 
30273, 
28898. 
2724S, 
25329 
~ 
, 
"TI 
3602 82SA33S11C47563C 
390 
DCW 
23170. 
20787, 
182M, 
1M46, 
12539, 
9!512, 
6393. 
3212 
I 
C;; 
-l 
3812 000074F307K7D6OA 
391 
DCW 
0, 
-3212, 
-6393, 
-9!512, -12539, 
-15446, 
-18204. 
-20787 
N 


I\) 
"0 
3BF2 7EA50F9D939!5118r 
392 
DCW 
-23170, 
-25329, 
-27245, 
-28898, 
-30273, 
-313S6, 
-32137, 
-32609 
ell 
(; 
3902 011109F1107782_ 
393 
DCW 
-32767, 
-32609, 
-32137. 
-313S6, 
-30273, 
-28898, 
-27245, 
-25329 
CO 
3912 7EA5CDAKE4BBAAC3 
394 
DCW 
-23170, 
-20787, 
-18204, 
-15446, 
-12S39, 
-9!512, 
-6393, 
-3212 
; 
3922 0000BCOCP9182825 
39!5 
DCW 
0, 
3212. 
6393. 
9!512. 
12539, 
15446, 
162M. 
20787 
3 
3932 82SA.f1626D6AK270 
396 
DCW 
23170, 
25329. 
2724S, 
28898, 
30273, 
313S6, 
32137, 
32609 
~ 
3942 rF7r 
397 
DCW 
32767 
o 
388 
o 
3944 
399 
1Ill: 
WR= COS(I*2PI/N) 
~. 
3944 1T7F897041766D6A 
400 
DCW 
32767, 
32137, 
30273, 
27245. 
23170, 
182M, 
12539. 
6393 
:3 
39!54 000OO7K705CF84BB 
401 
DCW 
0, 
-6393, 
-12539, 
-18204. 
-23170, 
-2724S, 
-30273, 
-32137 
5i 
3964 011107782Bf'89939!5 
402 
DCW 
-32767, 
-32137, 
-30273, 
-2724S, 
-23170, 
-18204. 
-12S39, 
-6393 
a. 
3974 OOO0P918FB301C47 
403 
DCW 
O. 
6393, 
12539, 
18204, 
23170, 
2724S, 
30273, 
32137 
~ 
3984 rF7r 
404 
DCW 
32767 
405 
3886 
405 
III: 
•• •• 
III = -SIN(1*2PI/N) 
3886 000007170SC1ll4BB 
407 
DCW 
-0, 
-6393. 
-12539, 
-182M, 
-23170, 
-2724S, 
-30273, 
-32137 
3996 011107782Bf'89939!5 
408 
DCW 
-32767, 
-32137. 
-30273, 
-2724S, 
-23170, 
-18204, 
-12539, 
-6393 
39AS 0000P918rB301C47 
409 
DCW 
0, 
6393, 
12539, 
182M, 
23170, 
2724S. 
30273, 
32137 
3986 1T7F897D41766D6A 
410 
DCW 
32767, 
32137. 
30273.. 
27245, 
23170, 
182M, 
12539, 
6393 
39C6 0000 
411 
DCW 
0 
412 
.eJect 


270189-42 


_. 


.CHI6 
MAC1lOASSBMBLBR 
FlT_RUll 
02/18/86 
PAGE 
11 
I 
I et 


IIlII 
LOC 
OII.JICT 
LIN! 
SOUIlCI STATIMINT 
413 
414 
39C8 
415 
TAB_SQR: 
; 65535/(.quare 
root 
of 
2**SIIFI'_CNT) 
; 
O<=SIIFI'_CNT<32 


416 
417 
1 
2 
4 
8 
16 
32 
64 
128 


39C8 rrlT04B50080825A 
418 
0CIf 
~35, 
46340, 
32768, 
23170, 
16384, 
11585, 
8192, 
5793 
419 
.•~u 
~ 
au: 
.LVUt 
~iIOiil 
.,r::ib 
D.llU:: 
.i.ti:i"dii 
:lZ'tOil 


39D8 ool05008000llAl105 
421 
0CIf 
4096, 
2896, 
2049, 
1448, 
1024, 
724, 
512, 
362 
422 
423 
.. 
65536, 
131072, 
262144, 
524288, 
r- 
3918 
0001850080005800 
424 
0CIf 
256, 
181, 
128, 
91, 
64, 
45, 
32, 
23 
i 
391'8 
1סס oo8OOO8OOO6OO 
425 
0CIf 
16, 
11, 
8, 
6, 
4, 
3, 
2, 
1 
5" 
426 
IQ 
427 
t 


3A08 
428 
SQ_TABLI: 
; .quare root of n * 2**24 
N=l28, 
129, 
130 
•• , 
256 
429 
3A08 05858A856B862187 
430 
0CIf 
46341, 
46522, 
46702, 
46881, 
47059, 
47237, 
47415, 
47591 
C/l 
3A18 978A4688r588A38C 
431 
0CIf 
47767, 
47942, 
48117, 
48291, 
48485, 
48637, 
48809, 
48981 
i: 
3A28 OOCOAAC054C11'11C1 
432 
0CIf 
49152, 
49322, 
49492, 
49661, 
49830, 
49998, 
50166, 
50332 
co 
3A38 43C519C5ll8C633C7 
433 
0CIf 
50499, 
50665, 
50830, 
50995, 
51159, 
51323, 
51486, 
51649 
at 
3A48 63CA04C8A6C846CC 
434 
0CIf 
51811, 
51972, 
52134, 
52294, 
52464, 
52614, 
52773, 
52932 
~ 
~ ." 
3A58 62CPOOD09DD03AD1 
435 
0CIf 
53090, 
53248, 
53405, 
53562, 
53719, 
53874, 
54030, 
54185 
'U 
:!I 
3A68 4404OBD4770511D6 
436 
0CIf 
54340, 
54494, 
54647, 
54801, 
54954, 
55106, 
55256, 
55410 
I 
1'1) 
Co) 
"lJ 
3A78 09D9A00936DACCDA 
437 
0CIf 
55561, 
55712, 
55862, 
56012, 
56162, 
56311, 
56459, 
56608 
....• 
Co) .. 
3A88 B4DD47DBD8DB6IDr 
438 
0CIf 
56766, 
56903, 
57051, 
57198, 
57344, 
57490, 
57636, 
57781 
U1 
0 
3A98 4612D7126713r713 
439 
0CIf 
57926, 
58071, 
58215, 
58359, 
58503, 
58646, 
58789, 
58931 
IQ 
3AAB ClI64I'17DDB76AB8 
440 
0CIf 
59073, 
59215, 
59357, 
59498, 
59639, 
59779, 
59919, 
60059 
ji; 
3A118 271BB2I83DICC7IC 
441 
0CIf 
60199, 
60338, 
60477, 
60615, 
60754, 
60891, 
61029, 
61166 
3 
3AC8 771FOOP08lIJ'010r1 
442 
0CIf 
61303, 
61440, 
61576, 
61712, 
61848, 
61984, 
62119, 
62254 
'0 
3AD8 84r:l38r4Clr446r5 
443 
0CIf 
62388, 
62523, 
62657, 
62790, 
62924, 
63057, 
63190, 
63323 
0 
3A88 Drr763r8B7rll6AJ'9 
444 
0CIf 
63455, 
63587, 
63719, 
63850, 
63982, 
64113, 
64243, 
64374 


:::J 
3Ar8 
r81'117ArCrsrc7DrD 
445 
0CIf 
64504, 
64634, 
84763, 
64893, 
65022, 
85151, 
65280, 
65408 
5" 
446 
c: 
447 
$eject 
lD 
270189-43 
S: 


I 


I«:S-96 
MACROASS_LIlR 
fFT_RUN 
02/18/86 


Il1lII we 
OBJICT 
LINB 
SOURCB STATIMlNT 
448 
3808 
449 
LOG_TABLIl: 
16384*10*LOG(D/128) 
D=128,l29.13O 
••• 
256 
450 
3808 
00002A024f047006 
451 
Dell 
O. 
554. 
1103, 
1648. 
2190, 
2727. 
3260, 
3789 
3818 
OAlOB3128914BA16 
452 
Dell 
4314, 
4835, 
5353, 
5866. 
6376. 
6883, 
7386. 
78111i 
3828 
8D20A92292247826 
453 
Dell 
8381. 
8873. 
9362. 
9848. 
10330. 
10810. 
11286. 
11758 
3838 
C421'973166333335 
454 
Dell 
12228. 
12685. 
13158. 
13619. 
14076. 
14531, 
14983, 
15432 
3848 
D63BC13f7A413043 
455 
Dell 
15878. 
16321. 
16762. 
17200. 
17635. 
18067. 
18497. 
18925 
3858 
95483C4DDf4B8150 
456 
Dell 
19349, 
19772, 
20191. 
20609, 
21024. 
21436. 
21846. 
22254 
3868 
8458175AA858365D 
457 
Dell 
22660. 
23063, 
23464. 
23862, 
24259. 
24653. 
25045, 
25435 
3878 
DB646066B0675D89 
458 
Dell 
25822, 
26208. 
26592. 
26973. 
27353, 
27730. 
28106. 
28479 
3B88 
8370247294730275 
459 
Dell 
28851. 
29220, 
29588, 29954, 30318, 
30680. 
31040, 
31399 
3898 
087C61l'7DCf7B2f80 
460 
Dell 
31755. 
32110, 
32463, 
32815. 
33165, 
33512. 
33859. 
34203 
38AB f286478898891lD8A 
461 
Dell 
34546, 
34887. 
35227. 
_. 
35902. 
36236, 
36570, 
36901 
38B8 
7091B892ff934S95 
482 
Dell 
37232. 
37560, 
37887, 
38213, 
38537, 
38860. 
39181, 
39501 
3BC8 889BC89C049B389r 
463 
Dell 
39819, 
40136, 
40452, 
40766. 
41079, 
41390. 
41700, 
42009 
3808 
4CA57BA6ArATDBAB 
464 
Dell 
42316, 
42622, 
42927. 
43230. 
43533, 
43833. 
44133, 
44431 
3BB8 89ABBOAf07Bl2CB2 
465 
Dell 
44729, 
45024. 
45319, 
45612. 
45905. 
46196. 
46486, 
46774 
38rB 
06B7F488118A2D8B 
466 
Dell 
47062, 
47348. 
47633, 
47917. 
48200, 
48482, 
49763, 
49042 
3C08 
A9CO 
467 
Dell 
49321 
468 
3COA 
469 
LOG_OtTSlt: 
; 512*10*LOG(2**(15-D» 
D= 0,1,2,3 
.... 
15 
470 
; 512*10*LOG(0.5) 
D= 16,17.18 
••• 
31 
471 
3COA 4f5A4A54454B3f48 
472 
Dell 
23119. 
21578, 
20037, 
18495, 
16954. 
15413, 
13871. 
12330 
3CtA 
252A20241A1B1518 
473 
Dell 
10789. 
9248. 
7706. 
6165, 
4824, 
3083, 
1541. 
0 
474 
3C2A 
475 
BIID 


The BASIC program 
is 
Jsed as comments 
in the 


ASM96 program. Some of he variables in the ASM96 
program have slightly difTe'ent names than their coun- 
ter-parts in the BASIC pro,;ram. This was to make the 
comments fit into the ASM96 code. Highlights in this 
section of code are a table driven square root routine 
and log conversion routine Nhich can easily be adapted 
for use by any program. 


Both the square root rout ne and the log conversion 
routine use the 32-bit value in the variable TMPR. The 
square root routine calcub tes the square root of that 
value in the variable SQRr+2, 
a 16-bit variable. In 


this program, the square ;'oot value is averaged and 
stored in a table. 


The log conversion routine divides the value in TMPR 
by 65536 (216) and uses tlble lookup to provide the 
common log. The result i! a 16-bit number with the 
value 512 ' 10 Log (TMPIV65536) stored in the vari- 
able LOG. This calculation is used to present the re- 
sults of the FFT in decibels instead of magnitude. With 
an input of 63095, the output is 512'48 dB. The graph 
program, (Section 10), prints the output value of the 
plot as INPUT/512 
dB. 


The following descriptions of the ASM code point out 
some of the highlights and not-so-obvious coding: 


Lines 1-104 initialize the code and declare variables. 
The input and output arn ys of the program are de- 
clared external. Note that many of the registers are 


overlayable, use caution when implementing this rou- 
tine with others with overlayable registers. 


Lines 116-124 calculate the power of W to be used. 
Note that KPTR is always incremented by 2. The mul- 
tiple right shift followed by the AND mask creates an 
even address and the indirect look to the BR (Bit Re- 
versal) table quickly calculates the power PWR. 


Lines 130-138 perform the complex multiplications. 
Since WIP and WRP range from - 32767 to + 32767, 
the multiplication is easy to handle. The automatic di- 
vide by two which occurs when using the upper word 
only of the 32-bit result is a feature in this case. 


Lines 144-163use right shifts for a fast divide, then add 
or subtract the desired variables and store them in the 
array. Note that the upper word of TMPR and TMPI 
is used, and the same array is used for both the input 
and output of the operations. 


Lines 165-189 update the loop variables and then check 
for errors on the complex multiplications 
and addi- 


tions. If there are no overflows at this time the data will 
run smoothly through the rest of the program. 


Lines 200-212 load variables with values based on the 
bit reversed values of pointers. 


Lines 214-236 perform additions and subtractions to 
prepare for the next set of formulas. Note that XITMP 
and XRTMP are 32-bit values. 


Lines 240-260 perform multiplies and summations re- 
sulting in 32-bit variables. This saves a bit or two of 
accuracy. The upper words are then stored as the re- 
sults. 


Lines 263-272 generate the squared magnitude of the 
harmonic component as a 32-bit value. 


Lines 278-310 calculate 10 Log (TMPR/65536). 
The 
32-bit register TMPR is divided by 65536 so that the 
output range would be reasonable. 


First, the number is normalized. (It is shifted left until a 
1 is in the most significant bit, the number of shifts 
required is placed in SHFT_CNT.) 
If it had to be 


shifted more than 15 times the output is set to zero. 


Next, the most significant BYTE is used as a reference 
for the look-up table, providing a l6-bit result. The next 
most significant BYTE is then used to perform linear 
interpolation between the referenced table value and 
the one above it. The interpolated value is added to the 
directly referenced one. 


The l6-bit result of this table look-up and interpolation 
is then added to the Log of the normalization factor, 
which is also stored in a table. This table look-up ap- 
proach works fast and only uses 290 bytes of table 
space. 


Lines 321-357 calculate the square root of the 32-bit 
register TMPR using a table look-up approach. 


First, the number is normalized. Next, the most signifi- 
cant BYTE is used as a reference for the look-up table, 
providing a l6-bit result. The next most significant 
BYTE is then used to perform linear interpolation be- 
tween the referenced table value and the one above it. 
The interpolated value is added to the directly refer- 
enced one. 


The 16-bit result of this table look-up and interpolation 
is then divided by the square root of the normalization 
factor, which is also stored in a table. This table look- 
up approach works fast and only uses 320 bytes of table 
space. The results are valid to near l4-bits, more than 
enough for the FFT algorithm. 


Lines 352-360 average the magnitude value, if multiple 
passes are being performed, and then store the value in 
the array. The loop-counters are incremented and the 
process repeats itself. 


This concludes the FFT routine. In order to use it, it 
must be called from a main program. The details for 
calling this routine are covered in the next section. 


8.0 
BACKGROUND 
CONTROL 


PROGRAM 


The main routine is shown in Listing 3. It begins with 
declarations that can be used in almost any program. 
Note that these are similar, but not identical, to other 
8096 include fIles that have been published. Comments 
on controlling the Analog to Digital converter routine 
follow the declarations. 


SBRIBS- III 
I«:S-96 
MACHOASS_LBR. 
VI. 0 


SOUllCB FILK: 
:12:rnlAIN.A96 
OB.JBCT FILK: 
: 12: rnlAIN.OBJ 
COIITIIllLS SPIlCIFIID 
III 
IIlVOCATION C<MlAND: NOSB 


Thi. 
protr- 
perlo •.•• 
an rrr on real 
data and plot. 
it 
OD 
a printer. 
It 
ua_ 
the 
proar 
__ 
1_ 
A2DCOIl. PLOTSP, 
_ 
Fn'IIUN. 
The 
edjuateble 
par_ten 
0" each of the pro~ 
are eet by thia _in 
.adule . 


• 1IICLUDI 
(:ro:D_.1IIC) 
; 
IDclude 
SFR definitiODll 
; .DOUat 
; 
Turn 
Uatin, 
off 
for 
include 
f11e 


;****************""**""******************"****"*"*******"""*********" 


CopyriBbt 
1985, 
Intel 
Corporetion 
october 
28,19llt5 
by 
Ira 
BordeD. 
!«Xl 
AppUcatiODll 


ZBIIO 
BQlJ 
OOh:MORD 
Il/lI 
Zero Heft.ter 
AD C<MlAND 
IQU 
02B:BYTB 
W 
A to D ~d 
re,i.ter 
AD=BBSULT_LO 
BQlJ 
02B:BYTB 
R 
Low byte 
of 
rMul 
t 
aod 
channel 
AD_RBSULT_BI 
BOU 
03B:BYTB 
R 
BiBb 
byte 
of 
rMul 
t 
IISI 
MODI 
BOD 
03B:BYTB 
W 
Control. 
IISI tranaltion 
detector 
BSO-TIMIl 
BOU 
04B:MORD 
W 
IISI 
tilla 
taB 
IISI - TIMIl 
IOU 
04B:MORD 
R 
BSO tilla 
taB 
BSO=C<MlAND 
IOU 
06B:BYTB 
W 
BSO~ 
taB 
IISI 
STATUS 
BOU 
06B:BYTB 
R 
IISI 
atatua 
renater 
(reada 
fifo) 
SBur 
BOU 
07B:BYTB 
Il/lI 
Serial 
port 
buffer 


INT_MASI 
BOU 
08B:BYTB 
RIN 
Internapt _k 
re,l.ter 
INT PBNDINll 
IOU 
09H:BYTB 
RIN 
Intarrupt 
pendin, 
re,latar 


SJ'CiiN 
IOU 
llB:BYTB 
W 
Serlal 
port 
control 
reaiater 
SPSTAT 
BOU 
lIB: 
BYTB 
R 
Serial 
port 
atatua 
reai.ter 


WATCBDOO 
BOU 
OAB:BYTB 
W 
Watcbdo, 
tillar 
270189-45 
II 


MCS-96 
MACROASSIMBLIR 


IlRR LOC 
OBJECT 
OOOA 
OOOC 
0001' 
0001 
OOOF 
0010 
0015 
0015 
0016 
0016 
0017 
0018 


OOOD 
OOOA 


001C 


OOIC 
0011 
0020 
0022 


OOIC 
001D 
0020 


LINK 
;1 
42 
;1 
43 
;1 
44 
;1 
45 
;1 
46 
;1 
47 
;1 
48 
;1 
49 
;1 
50 
;1 
51 
;1 
52 
;1 
53 
;1 
54 
;1 
55 
;1 
66 
;1 
57 
;1 
68 
;1 
59 
;1 
60 
;1 
61 
;1 
62 
;1 
63 
;1 
54 
;1 
55 
;1 
66 
;1 
67 
;1 
68 
;1 
69 
;1 
70 
;1 
71 
;1 
72 
;1 
73 
;1 
74 
;1 
75 
;1 
76 
;1 
77 
;1 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 


SOURCB STATINlNT 
TIMBRI 
IlQt/ 
OAB:WORD 
TIIIlJl2 
IQU 
OCR:WORD 
PORTO 
IQU 
OIB: BYTE 
BAUD RIO 
IQU 
018: BYTE 
PORTI 
IQU 
OrB: BYTE 
PORT2 
IQU 
108: BYTE 
lOCO 
IQU 
158: BYTE 
1080 
IQU 
158: BYTE 
lOCI 
IQU 
168: BYTE 
1081 
BQU 
168: BYTE 
PIlM CONTIlOL 
BQU 
178: BYTE 
SP - 
IQU 
IBB:IlORD 


R 
Tiller1 re.i. 
tar 
R 
Ti»er2 reai.ter 
R 
I/O 
port 
0 
W 
Baud rate reai.ter 
R/W 
I/O 
port 
1 
R/W 
I/O 
port 
2 
W 
I/O control 
reV.tar 
0 
R 
I/O atatu. reci.tar 
0 
" 
I/O control reli.ter 
1 
R 
I/O 
otat 
••• 
ra,ioter 
1 


W 
"" 
control 
reat-ter 
R/W 
S)'Ot_ 
otack 
pointer 


PUBLIC 
ZIRO, AD_CCMIAllD, AD_RlSULT _10, AD_RlSULT _BI, 88I_I«)DI, 
BSO_TIMK, 881_ TIMB 
PUBLIC BSO_CCMIAllD 
PUBLIC IISI 
STATUS, SBur, 
INT MASIl,INT 
PlNDING, "ATCIIDOO,TIMBRl, TIM1R2 
PUBLIC BAuD_RIO, 
PORTO, POiiTl, 
PORT2,SPSTAT,SPCOH,IOCO,IOCI,I080,I081 
PUBLIC PIlM_CONTROL,SP,CR,LF 


IISBG at 
lCB 


AX: 
DS" 
1 
Tsp 
re.i.ten 
uaed in 
confol1l8Dce 
DX: 
DSlI 
l 
with 
PDl-96(ta) 
cODventiolUl, 
BX: 
DSlI 
1 
CX: 
DS" 
1 


At 
IQU 
All 
: BYTE 
AB 
IlQt/ 
(AIl+1) 
: BYTE 
BL 
BQU 
BX 
: BYTE 


public 
ox, 
bx, 
ex, 
dx. 
aI, u, bi 


7 
OOOIOOOOb,CODvert 
to 
BurFO 
OOIOIOOOb: 
download 
BurFO 
•• 
PAIRBD SIONID 
data 


I«:S-96 
MACIIOASSBMBLBR 


ERR LOC 
OBJECT 


0080 
0080 
0080 
0000 


l'lT _MAIN_APNOTI 


LIMB 
89 
90 
91 
92 
93 
94 
95 
PLOT RBS 
equ 
PLOT=RBS_2 
equ 
"_,"_"Nan 
E!'t•• 


256 
plot_rea/2 
P-~~•.._reD';'~.;5 


tIopreal: 
dal 
tQ": 
da1 
wndptr: 
<law 
varptr: 
daw 


fft_lIOde: 
dab 
error: 
dab 
avr cnt: 
dab 
PUBLIC 
error 
f fft_lIOde 


OSBG at 80h 
XRBAL: 
OIST 
BOFF BASI: 
DSW 
64 
XIMAG equ - 
XRBAL+M 


PUBLIC 
OBST_BUlF _BASI, 
XRBAL, XIMAG 


PLOT IN: 
l'lT 
OuT: 
BurFo 
BASI: 
BUrFl=BASI: 


_ 
of rillhts 
.hift. 
perfo.-d 
00 
output 
of rrr. 
titled 
to prevent 
overflow 
on .~tion 


for 
ITT 
routine 
For A2D routine 
for rrr routine 


For 1FT routine 
ror 
A2D rout iDe 
for 
A2D 
rout iDe 


I 


I«:S-96 
MACROASSIIMBLER 
FfT _MAIH_APIlOTIl 
02/18/86 
PAGIl 
4 


IRR 
LOC 
OB.JllCT 
LIHI 
SOIlIICIl STA~ 
134 
2080 
136 
CSIG 
AT 20808 
136 
137 
IXTRIl 
IHIT_otrrPIIT, 
D8AICGRAPR, 
CON_OUT 
; 
For 
Plot 
Routine 
138 
IllTRH 
rrT_CALC 
• For 
," 
routine 
139 
IXTRIl 
A2D_IurF_UTIL 
i For A2D routioe 
140 
2080 
AI0ooo18 
8 
141 
LD 
SP,tsTACB 
2.084 
A30100301C 
142 
LD 
41,30008 
2089 
143 
SII_IIAIT: 
2089 
BOICro 
144 
c1jnz 
al,.be_wait 
; IIAIT 
I'OR SII 
TO CLEAR SUUL 
PORT IHTRRIIIlPTS 
201lC BOIDFA 
146 
c1jnz 
ah,abe_wait 
146 
c: 
208F 
llOOOO 
I 
147 
IIGIN: 
CALL 
IIIIT _otrrPIIT 
; 
InitiaUze 
aerial 
port 


lIJ 
148 
- 
2092 
149 
1IIlII_TlWlSFOIl'CSIT: 
3" 
2092 
11סס oo 
R 
150 
Idb 
fft 
__ 
,tOOOOI 
; 
lit 
0 - 
_1 
data 
/ 
Tabled 
datal 
CO 
151 
; 
lit 
1 - 
lIin_ 
/ 
U-in_ 
i 
152 
; 
lit 
2 - 
1010' 
1lall"2 
/ 
lIallDitudet 
153 
; 
lit 
3 - 
25_ 
plot 
/ 
No•.•• l 
Plot. 
i: 
2096 
110102 
R 
154 
Idb 
8vr_cot,.avr_Dla 
III 
2098 
0120 
155 
clr 
bx 
(l) 
3" 
209A 
C321OOO200 
156 
CLIIIlAM: at 
zero, 
fft_out[bx] 
; 
clear 
fft 
_itude 
array 
...• 
:D 
209F 
65020020 
157 
add 
bx,t2 
~ 
0 
2043 
89400020 
158 
ClIP 
bx,t64 
0 
C 
2OA7 Dlrl 
159 
bIt 
CLIIIlAM 
- 
3" 
160 
CD 
20A9300004 
R 
161 
C_loed: 
bbc 
fft 
__ 
, 0, do_tab 
; Branch 
if" real 
data 
i. Dot ._ 
0 
20AC 2819 
162 
CALL 
LOAD DATA 
0 
20AR 2002 
163 
br 
C_wtD 
3- 
164 
:5" 
2080 
282F 
165 
do_tab: 
CALL 
TABLE_LOAD 
C 
166 
CD 
2012 
310002 
R 
167 
C_win: 
bbc 
fft_.cKte,I,calc 
; 
lrancb 
if 
wiDdowiD. 
ia 
not 
uaed 
S: 
2085 
2lICB 
168 
CALL 
DO_IID1D011 
169 
20171roooo 
1 
170 
CALC: 
CALL 
FFT_CALC 
20lA 
980001 
R 
171 
errtrp: 
CIII'b 
error,sero 
20lD 
D7n 
172 
Jne 
errtrp 
173 
20BF 
100205 
R 
174 
D.JIIZ 
au_cot, 
LOAD_DATA 
j repeat for AVR_NtJI 
COUDt. 
175 
2002 
11'0000 
1 
176 
CALL 
DIWI_GRAPR 
177 
2005 
27CB 
178 
IR 
HBII_TlWlSl'OliIoCSBT 
179 
.eJect 
270189-48 


1I:S-96 
MACROASS_LBR 


IRR 
toe 
OB.JBCT 


20C7 


20C7 
BI0001' 


20CA 
20CA B11000 
;;;.,.-; 
;j,;i~ 


2000 
A132oo00 


2004 
1I'000O 
2007 
31'DOI'D 
•... 
200A 
;; 
200A 
B12800 
.. 
20001I'DODO 
5" 
20£0 
I'D 
Cli 
2011 
3: 
2011 
0120 
I» 
2013 
Al02211C 
~ 
5" 
2087 
A21022 
::Il 
20BA A21011 
~ 
0 
20BD C321l1OOO22 
C 
201'2 
C321CODOl1 
.. 
5" 
201'7 
65020020 


CD 
20rB 
89400020 
0 
20" 
0U6 


·0 
2101 
I'D 
::;,g. 
2102 
c: 
CD 
2102 
1'1'71'1'1'71'1'1'71'1'1'71' 
,e, 
2112 
1'1'71'1'1'71'1'1'71'1'1'71' 
2122 
1'1'71'1'1'71'1'1'7l'1'l'7I' 
2132 
rr71'1'1'71'1'1'71'1'1'71' 
2142 
0180018001800180 
2162 
0180018001800180 
2162 
0180018001800180 
2172 
0180018001800180 


LINK 


180 
181 
182 
183 
184 
186 
1 
186 
; 
:La, 


1 
188 
189 
1 
190 
1 
191 
192 
193 
1 
194 
1 
196 
196 
197 
198 
199 
2DO 
201 
202 
203 
2M 
206 
206 
207 
208 
209 
210 
211 
212 
213 
214 
216 
216 
217 
218 
219 
220 
221 
222 


SET A20: 


- 
Idb 
orb 
Id 


CALL 
Jbo 


O,*,,_loed: 


Idb 
CALL 
RBT 
j------ 
TABLE LOAD: 


- 
clr 
Id 
loed: 
Id 
Id 
ot 
ot 
add-- 
bit 
RBT 


control_a2d,'COD_bO 
COiicroi ~dt.v.i 
• .-ple-.Period, 
t50 


Set 
converter 
for 
bufferO 


l.OiIVcrt 
Ciliiiilltu 
.&. 


100 
uo 
o_le 
period 


bx 
ox,'OATAO 
cx. (ax]+ 
dx, [ox]+ 
cx,xreol[bx] 
dx,x~[bxJ 
bx,t2 
bx,l64 
LOAD 


OATAO: 
; 
SQUARIl WAVI 


DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
OCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
OCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
OCW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
DCW 
-32767 
t -32767 
t 
-31:1fr1 t 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
OCW 
-32167 
t -32167 
t -32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 


$eject 


270189-49 


I 


2182 
2182 012<: 
2184 0121 
21116 
21116A32DBI211C 
2188 A32DC02120 
2190 1I4f2rl1OOO1C24 
2197 1I4f2rcooo2028 
2191 000124 
2lAI0DOl28 
21M C32rl1OOO26 
21A9 C32rc0002A 
21&1 6l104OO20 
211126l502OO2I 
21B6 B94OOO2I 
21BA D7CA 
21BC ro 


210 


21BI ODOO4FOO3BOICI02 
21CI Brl26617711CD421 
21DI 004045467C4C93l52 
2111 406D787136757078 
21ft 
rr7ft07PC47B3B7D 
2201 406D99688B632B51 
2211 D04OBA3983336C2D 
2221 Brl28701C9OABro7 
2231סס oo 


rrr_MAIH_APIIOTI 


LIMB 
223 
224 
225 
226 
227 
228 
228 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
245 
247 
248 
249 
250 
251 
252 
253 
254 


DO 1II1IDOW: 
- 
clr 
clr 


Id 
ax,baDDiDI[WDdptr] 
Id 
bx.baDDiDI+2[WDdptr) 
•••1 
tlIp •.•• l.ax.x 
•.•• l[vlU'Ptr) 
•• 1 
tlIp.,.bx.x"[VlU'J>tr) 
ahIl 
tlIp •.•• l •• 1 
011 
tlIp., 
•• 1 
at 
tlIpreal+2. 
xrea1 [VlU'J>tr] 
at 
tlIp~+2,x~[vlU'Ptr) 
add 
WDdptr.t4 
add 
varptr.f2 


ClIP 
varptr.t64 
jDe 
"iDdow 
lIlT 


IWlIlINll: 
; lfiDdowiue flmctioa 


DCIf 
0, 
79. 
315, 
705, 
1247. 
1935, 
2761. 
3719 
~ 
DCIf 
4799, 
5990. 
7281, 
11660. 10114. 
11628. 
13187. 
14778 
'V 
DCIf 
16384. 
17989. 
19680, 
21139, 
22663. 
24107. 
25486. 
28777 
I 
DCIf 
27968, 
29048. 
30006, 
30832. 
31520. 
32062, 
32452. 
32688 
N 
DCIf 
32767. 
32688, 
32452, 
32062, 
31520, 
30832. 
30006. 
29048 
...• 
CIl 
DCIf 
27968, 
26771, 25486. 24107, 
22663. 
21139. 
19680. 
17989 
DCIf 
16384. 
14778, 
13187. 
11628, 
10114, 
11660. 
7281. 
5990 
DCIf 
4799, 
3719, 
2761, 
1935, 
1247. 
705. 
315, 
79 
DCIf 
0 


teject 
270189-50 


3000 
3DOO00003351891OB270 
3DI0 7BA574r31C477C7A 
3D20 01800l9D08Il7563C 
~n~n "wa-'QI'Rt'IO"'.IO'tnAn.t. 
3040 
0000CDAB77821B8F 
3D50 825A8CooB4888485 
3D60 mrrl62F818AAC3 
3070 
825A5171'6D6A2825 


3D6O 


3D80 0000F555617FCr66 
3D90 05CFlr2BB270297C 
3OAO7BA5B8F93351!lC7B 
3DBO BF8946C92825C96D 
3000 
016029A174F33F4C 
3DDOBF897C87AAC31AlF 
3OBO 7BA528800F9D38BD 
3DI'O 05CF4BllC848533BB 


3BOO 


3BOO 0000063C0F5AAF48 
3BI0 5FDD7ClSCF4FC857 
3B20 03C08FF869398459 
3B30 65AC4FD9451A9B4D 
3140 
82A5F3BC21F7B835 
3850 
65ACCCAA58D5FDI5 
3B60 03C09BA5OCBAB9r2 
3B70 5FDD32AB67A97ADI 


3B6O 0000FD04B40472rr 
3B90 00045CF8741A69FC 
3BAO 58FA55FD2403AI05 
3BBO 00046A05lAOlAIFS 
3BCO ooo003F84CFSBBOO 
3BDO OOlCA401llC059703 
3BB0 A805AB02DCFC51FA 
3BI'O OOFC961AB6F85F04 


3FOO 


F1"l_MAIN_APNOTIl 


LINK 
255 
256 
257 
258 
259 
260 
261 
?~? 


DATAl: 
DCW 
DCW 
DCW 
~ 


0, 
20787, 
32137, 
28898, 
12539, 
-9512,-27245,-32609 
-23170, 
-3212, 
18204, 
31356, 
30273, 
15446, 
-6393,-25329 
-32767,-25329, 
-6392, 
15446, 
30273, 
31356, 
18204, 
-3212 
_""l.,nJ-",,~oJ-2""A«"f 
-~!2, 
12~22T2eeee"J 
22!:!?, 
"n"oor 


-0,-20787,-32137,-28898,-12539, 
9512, 
27245, 
32609 
23170, 
3212,-18204,-31356,-30273,-15446, 
6393, 
25329 
32767, 
25329, 
6392,-15446,-30273,-31356,-18204, 
3212 
23170, 
32609, 
27245, 
9512,-12539,-28898,-32137,-20787 


; 
SINK 
7.5 
X 


DCW 
0, 
22005, 
32609, 
26319, 
6393,-16846,-31356,-29621 
DCW 
-12539, 
11039, 
28898, 
31785, 
18204, 
-4808,-25329,-32728 
DCW 
-23170, 
-1608, 
20787, 
32412, 
27245, 
7962,-15446,-30852 
DCW 
-30273,-14010, 
9512, 
28105, 
32137, 
19519, 
-3212,-24279 
DCW 
-32767,-24279, 
-3212, 
19519, 
32137, 
28105, 
9512,-14010 
DCW 
-30273,-30852,-15446, 
7962, 
27245, 
32412, 
20787, 
-1608 
DCW 
-23170,-32728,-25329, 
-4808, 
18205, 
31785, 
28898, 
11039 
DCW 
-12539,-29621,-31356,-16845, 
6393, 
26319, 
32609, 
22005 


DCW 
0, 
15558, 
23055, 
18607, 
4520,-11910,-22169,-20942 
DCW 
-8865, 
7804, 
20431, 
22472, 
12870, 
-3399,-17908,-23138 
DCW 
-16381, 
-1137, 
14697, 
22916, 
19262, 
5629,-10921,-21812 
DCW 
-21403, 
-9905, 
6725, 
19870, 
22721, 
13800, 
-2271,-17165 
DCW 
-23166,-17165, 
-2271, 
13800, 
22721, 
19870, 
6725,-9905 
DCW 
-21403,-21812,-10920, 
5629, 
19262, 
22916, 
14696, 
-1137 
DCW 
-16381,-23138,-17908, 
-3399, 
12871, 
22472, 
20431, 
7804 
DCW 
-8865,-20942,-22169,-11910, 
4520, 
18607, 
23065, 
15557 


0, 
1024, 
-1448, 
1024, 


-0, 
-1024, 
1448, 
-1024, 


1386 
-683 
-420 
1277 
-1386 
683 
420 
-1277 


1277, 
-420, 
-683, 
1386, 
-1277, 
420, 
683, 
-1386, 


1204, 
-1420, 
804, 
282, 
-1204, 
1420, 
-804, 
-282, 


-142, 
-919, 
1441, 
-1119, 
142, 
919, 
-1441, 
1119, 


-1338, 
554, 
554, 
-1338, 
1338, 
-554, 
-554, 
1338, 


-1119, 
1441, 
-919, 
-142, 
1119, 
-1441, 
919, 
142, 


282, 
804, 
-1420, 
1204, 
-282. 
-804, 
1420, 
-1204, 
I 


IIIR!DC OIIJBCT 


3roo OOOOC241C3512148 
3rlD 5111118104340\3154 
3r20 5BBAI5r8l103C245' 
3l3O SGBOBlIlll5rlB3'49 
3'40 I12A5l61178Dn?636 
3l5O SGA870.liCll4DA9419 
316O__ 
61l1BD 
3!'T0 5lD9ClW14DA8DlIl5 


'I'T_MAI"_APIIOTIl 


LIMB 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 


DCW 
0, 16834, 24259, 1_, 
3182,-13029,-211186,-19557 
DCW 
-7842, 
7384, 19011, 21553, 13425, -1958,-17103,-23821 
DClI 
-17829, -1819, 15601, 24356, 19816, 
4710,-12341,-22232 
DClI 
-20379, -11519, 700'1, 18751, 21383, 136GB,-1067,-15888 
DClI 
-23166,-18442, 
-3475, 13942, 24859, 20990, 
6442,-11290 
DCW 
-22427,-21392, -9IlOO, _, 
18708, 21475, 13892, 
_ 
DClI 
-14933,-22456,-18712, 
-4840, 12317, 23391, 211151, 8225 
DCW 
-9889,-22328,-22451,-10791, 
5lI57, 18749, 211151,14281 


INPIl'I 
FILlS: 
:P2:rIMAIIl.OllJ', 
:F2:ITrIllJIl.OBJ. 
:F2:PLOTSP.OBJ, 
:F2:A2DCOIl.OllJ' 
OIJ'I'P(r 
FILl: 
: P2: rPTOU'f 
COIlT1iOLS SPBCIFIID 
III 
IIlVOCATIOIl CCMIAND: 


II 


INPIl'I 
I«lDULIS 
IIlCLVDID: 


: 12: rIMAIIl.OllJ'(rrT_MAIIl_APIlOTB) 
02/18/86 


: 12:rrTIIIlIl.0llJ'(rrT_RIlIl) 
02/18/86 


:12:PLOTSP.0llJ'(PLOT_SIRIAL) 
02/18/86 
: 1 2: A2DC01l.OllJ'(A20_BurnnlIlIIUITILITY) 
02/18/86 


TYPE 
BASH 
LIIlGTH 
ALl_NT 
f«)DULI 
IlAMl 
----- 


•• RBI IRVID. 
OOOOK 
OOlAR 
RIO 
DOlAK 
ODOIR 
BYTB 
PLOT_SIRIAL 
••• 
<AP ••• 
OOUR 
OD018 
RIO 
00lCH 
DD08R 
AHSOLUTB 
I'FT MAIIl APIlOTB 
OVRLY 
D024R 
D035R 
AHSOLUTB 
rrr-RIlIl 
- 
**OVI IILAP** 
OVRLY 
D024R 
DOlOR 
AHSOLUTB 
PLOT_SIRIAL 
**OVI 1lLAP*. 
OVRLY 
D024R 
OOOCR 
ABSOLUTB 
I'FT_MAIIl_APIlOTB 
••• 
(AP 
••• 
005911 
00018 
OVRLY 
D05AK 
DOO6R 
MlIID 
A20 BurrBIlIIlG 
\/TILITY 
RIO 
D060R 
OOOCR 
lIORD 
A2D=BurnRIIlG=UTILITY 
RIO 
006CH 
0D03R 
BYTB 
I'FT_MAIIl_APIlOTB 
••• 
(AP 
••• 
D06rR 
0011R 
DATA 
0080R 
00808 
ABSOLUTB 
rrT_MAIIl_APIlOTB 
STACI[ 
0100R 
00188 
lIORD 
DATA 
011m 
D0B08 
lIORD 
rrT_RIJIl 
••• 
(AP 
••• 
01988 
00628 
DATA 
02D08 
0140R 
ABSOLOTIl 
rrT_MAIIl_APIlOTB 
••• 
(AP 
••• 
03408 
lee28 
CODI 
20028 
0D028 
AHSOLOTIl 
A20 _BunllIlIIlll_\/TILITY 
••• 
CAP ••• 
20048 
D07CR 
CODI 
20808 
01COR 
ABSOLUTB 
I'FT _MAIIl_APIIOTI 
••• 
(M 
••• 
22408 
OO4OR 
CODI 
2280R 
02158 
ABSOLUTB 
rrr_RIJIl 
••• 
(lAP ••• 
249!1R 
D06BR 
COOl 
25DOR 
0168R 
ABSOLUTB 
PLOT_SIRIAL 
COOl 
2668R 
DOIC8 
BYTB 
A2D_BurnRIIlG_UTILITY 
••• 
(lAP ••• 
2754R 
10ACH 
COOl 
3600R 
042AK 
AHSOLUTB 
I'FT_RIlIl 
••• 
(lAP ••• 
3C2AH 
DOD6R 
COOl 
3DDOR 
0280R 
ABSOLUTB 
rrT_MAIIl_APIlOTB 
*** (lAP *•.* 
3rBOR 
COSOR 
• 


inter 


Several constants are then setup for other routines. The 
purpose of centrally locating these constants was the 
ease of modifying the operation of the routines. Note 
that AVR...-NUM 
and SCALE_FACTOR 
must be 
changed at the same time. SCALE_FACTOR 
is the 
shift count used to divide each FFT output value before 
it is added to the output array. AVR...-NUM must be 
less than 2**SCALE_FACTOR 
or an overflow could 
occur. Next, the public variables are declared for the 
arrays and a few other parameters. 


The program then begins by setting the stack pointer 
and waiting for the SBE-96 to finish talking to the ter- 
minal. If this is not done, there may be serial port inter- 
rupts occurring for the first twenty five milliseconds of 
program operation. 


Initialization of the plotter is next, followed by setting 
the FFT_MODE 
byte. This byte controls the graph- 
ing, loading and magnitude calculation of the FFT 
data. Since FFT_MODE 
is declared PUBLIC in this 
module, and EXTERNAL 
in the PLOT module and 
FFTRUN 
module, the extra bits available in this byte 
can be used for future enhancements. 


The next step is to clear the FFT output array. Since 
the FFT program can be set to average its results by 
dividing the output before adding it to the magnitude 
array, the array must be cleared before beginning the 
program. 


Data is then loaded into into the FFT input array by 
the code at LOAD_DATA, 
or the code at TABLE_ 
LOAD, depending on the value ofFFT_MODE 
bit O. 
The tabled data located at DATAOis a square wave of 
magnitude I. This waveform provides a reasonable test 
of the FFT algorithm, as many harmonics are generat- 
ed. The results are also easy to check as the pattern 
contains half zeros, imaginary values which are always 
the same, and real values which decrease. Figure 13 
shows the output in fractions, hexadecimal and deci- 
mal. The hexadecimal and decimal values are based on 
an output of 16384 being equal to 1.00. 


The divide by 65536 is used for the dB scale to provide 
a reasonable range for calculations. If this was not 
done, a 32-bit LOG function would have been needed. 


After the data is loaded, the data is optionally win- 
dowed, based on FFT_MODE 
bit 1, and the FFT pro- 
gram is called. Once the loop has been performed 
AVR...-CNT times, the graph is drawn by the plot rou- 
tine. 


Appended to the main routine is the FFTOUT.M96 
Listing. This is provided by the relocator and linker, 
RL96. With this listing and the main program, it is 
possible to determine which sections of code are at 
which addresses. 


Using the modular programming methods employed 
here, it is reasonably easy to debug code. By emulating 
the program in a relatively high level language, each 
routine 
can be checked for functionality 
against a 
known standard. The closer the high level implementa- 
tion matches the ASM96 version, the more possible 
checkpoints there are between the two routines. 


Once all of the program routines (modules) can be 
shown to work individually, the main program should 
work unless there is unwanted interaction between the 
modules. These interactions can be checked by verify- 
ing the inputs and outputs of each module. The assem- 
bly language locations to perform the program breaks 
can be retrieved by absolutely locating the main mod- 
ule. The other modules can be dynamically located by 
RL96. 


The more interactive program modules are, the more 
difficult the program becomes to debug. This is espe- 
cially true when multiple interrupts are occurring, and 
several of the interrupt routines are themselves inter- 
ruptable. In these cases, it may be necessary to use de- 
bugging 
equipment 
with 
trace 
capability, 
like the 
VLSiCE-96. If this type of equipment is not available, 
then using I/O ports to indicate the entering and leav- 
ing of each routine may be useful. In this way it will be 
possible to watch the action of the program on an oscil- 
loscope or logic analyzer. There are several places with- 
in this code that I/O port toggling has been used as an 
aid to debugging the program. These lines of code are 
marked "FOR INDICATION 
ONLY." 


inter 


K 
Fractional 
dB 
Decimal 
Hexadecimal 


REAL 
IMJ.G 
MAG2 
REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 


0 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
1 
0.0625 
-1.2722 
1.2738 
38.225 
1024 
-20843 
20868 
400 
AE95 
5184 
2 
0.0000 
O.COOO 0.0000 
0.000 
0 
0 
0 
0 
0 
0 
3 
0.0625 
-0.4213 
0.4260 
28.710 
1024 
-6903 
6978 
400 
E509 
1842 
4 
0.0000 
O.COOO 0.0000 
0.000 
0 
0 
0 
0 
0 
0 
5 
0.0625 
-0.~495 
0.2572 
24.329 
1024 
-4088 
4214 
400 
F008 
1076 
6 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
7 
0.0625 
-0.1747 
0.1855 
21.491 
1024 
-2862 
3039 
400 
F4D2 
8DF 
8 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
9 
0.0625 
-0.1321 
0.1462 
19.421 
1024 
-2165 
2395 
400 
F788 
958 
10 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
11 
0.0625 
-0.1043 
0.1216 
17.820 
1024 
-1708 
1992 
400 
F954 
7C8 
12 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
13 
0.0625 
-0.(1843 
0.1049 
16.540 
1024 
-1381 
1719 
400 
FA98 
687 
14 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
15 
0.0625 
-0.0690 
0.0931 
15.499 
1024 
-1130 
1525 
400 
F896 
5F5 
16 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
17 
0.0625 
-0.( 566 
0.0844 
14.645 
1024 
-928 
1382 
400 
FC60 
566 
18 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
19 
0.0625 
-0.( 464 
0.0778 
13.944 
1024 
-759 
1275 
400 
FD09 
4F8 
20 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
21 
0.0625 
-0.( 375 
0.0729 
13.374 
1024 
-614 
1194 
400 
FD9A 
4AA 
22 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
23 
0.0625 
-0.(1296 
0.0691 
12.918 
1024 
-484 
1133 
400 
FE1C 
460 
24 
0.0000 
0.(000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
25 
0.0625 
-0.0224 
0.0664 
12.564 
1024 
-366 
1088 
400 
FE92 
440 
26 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
27 
0.0625 
-0.0157 
0.0644 
12.305 
1024 
-256 
1056 
400 
FFOO 
420 
28 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
29 
0.0625 
-0.0093 
0.0632 
12.135 
1024 
-152 
1035 
400 
FF68 
408 
30 
0.0000 
0.(1000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
31 
0.0625 
-0.(1031 
0.0626 
12.051 
1024 
-50 
1025 
400 
FFCE 
401 


9.0 ANALOG TO DIGITAL 
CONVERTER NODULE 
can then be downloaded to another buffer, such as the 
input buffer to the FFf program. During downloading, 
this module can convert the data into signed or un- 
signed formats, and fill a linear or a paired array. A 
paired array is like the one used in the FFf 
transform 
program. It requires N data points placed alternately in 
two arrays, one starting at zero and the other at N/2. 


The module presented in L sting 4 is a general purpose 
one which converts analog values under interrupt con- 
trol and stores them in one of two buffers. These buffers 
• 


•... 
~s· 
ID 
t.. 
0 
~ 
C 
~ 
0 


ex> 
0:J< 
CD~ 
CD.. 
::tl 
0S. 
S- 


CD 


SBRIBS-III 
I«:S-96 
MACROASS_LlR, 
Vl. 0 


SOIlllCBrILl: 
: F2: A2DC0N.A96 
OB.JllCTrILl: 
: F2: A2DCON.OBJ 
CONTROLSSPECIFIED IN INVOCATIONClMlAND: /lOSB 


IDtel 
Corporation, 
.July 16. 
1985 
by Dave 1lyaD, Intel 
Applicatio 
••• Bnll1Deer 


Thia utility 
fill. 
Il -.cry 
buffer 
with 
AID cODveraion 
rMulta. 
The 
COQveraiona 
are 
done UDder interrupt 
control, 
and are 
initiated 
when 
A2D Burr 
Utl1 
ia called. 
The reeult. 
of 
the 
cODvenione 
are placed 
In ODe of 
two buffera, 
called 
Burro 
_ 
BUFFl. 


Tbla 
utUity 
provldelo 
optiODa 
for 
tbe 
.election 
of 
the 
buffer 
leDlltbo, 
data 
tOnillt. 
saple 
period, 
CODveraioD 
chaJmel 
and tt- baae. 
The utility 
alao 
••••• a do_load 
routine 
that 
will 
load 
eitber 
buffer 
Into 
a rep.ter 
f11e 
buffer. 
Output 
fo •.•• t. 
caD aloo 
be _en 
for 
tha 
dowaloodad 
buffer. 
The 
data can be forwatted 
u 
signed 
or unai,..ed 
linear 
or paried 
arraya. 


Rather than uae the 
STACKto pus 
control., 
this 
utility 
geta 
ita 
directions 
fr~ 
2 control 
worcla 
in .-cory. 
The utility 
expect. 
that 
it. control 
worda 
are 
valid 
at 
tbe 
tae 
A2D_BUFF_UtU la 
called 
aDd •.•••••In valid 
tbroUllbout 
AID Interrupt 
axecutioao 
_ 
dOWDlDedo. 
The control 
_rda 
are: 


s-ple_Period 
; IiOIDl 
Tha tae 
bet_ 
._1 
••• in 
ti •••r eouat. 
where 
the 
taer 
uoed 
••••• beaD .paclfied 


ChaDael 
!lullber 
SlllDed Reeult/1lD8lllDed 
Reeultt 
Coavert/Dowaloadt 
BUlFl/BUfFOl 
for 
com-enions 
Burro/Burrlt 
for 
dOWDlDedo 
Linaer/Palredt 
Converter 
BUSY/IDLBt 


r-iii.. 
3'c 
t.. 
0 
0 
(') 
0 
~ 
~<" 
"'" 
~ 
(l) ".. 
:J:l0S. 
3' 
"'§ 
::Jg. 
c: 
CIl.s, 


The follClOfiD, 
18 a table 
of 
equat_ 
that 
caD be 
\111M 
to 
ot.plify 
the 
bit 
diddUq 
requi...-eDta. 
If 
you are 
DOt numina coDver-io» 
concurreutly 
witb 
downloado. 
alwaya 
LDB CoDtrol_A2D 
witb 
the 
foll_iDl 
~d 
tbeD 
ORBControl_A2D 
with 
the 
chaDDel 
nu.ber 
you wlab 
to 
couvert 
if 
you 
are 
atartine 
• convenloD. 


___ 
••• L_ 
••.•• .&" .•.•._ 
.l 
",,_.a 
... 
._ .•. ,-_ .•._1. 
__ 
• .L_ 
"' __ oA.__ 
, 
.<'I~ 
.l_ 
;;dill;!. ~"j~"~.;o ~;;~~l~t; ~'';u;~;;;';i;~-;'';- numin" 
but 
you camlot 
.tart 
coDveniona 
durin, 
a dowDI08d. 
To do thi., 
ORB to 
the 
cODtrol 
byte 
with 
the 
appropriate 
bite 
oet. 
Do llO'I' cbeDIe 
the 
BUFI' bit 
or 
the 
BUSY bit. 
J\IIIt 
oet 
the 
downlced 
bit 
and 
eet 
the 
data 
fo •.•• t 
bite 
to 
the 
correct 
valUM. 


The BUFI' bit 
bu 
oppooite 
dafiDitiOllO 
for 
coDveroioDO 
and 
downloado. 
Tb18 
all-. 
coDveroioDo 
to 
be 
done 
iDto 
Burro 
while 
downloado 
<:eM 
f •.•• 
Burn, 
and 
vice vena . 


01100000b; 
downloecl 
Burro 
•• 
UNBAR USIGNBD data 
OlOOOOOOb; 
Burn 
" 
" 
OOlOOOOOb; 
Burro 
" 
PAIRID 
OOOOOOOOI>; 
BUrrl 
" 
OllOlOOOb; 
downloecl 
Burro 
•• 
LINBAR SIGNBD 
date 
OlOOlOOOb; 
Burrl 
" 
OOlOlOOOb; 
Burro 
" 
PAIRID 
OOOOlOOOb; 
BUFI'l 
" 


I 


r-is-a 
t 
0c 
(') 
0 
~ 
~<" 
U1 ~ 
0 ".. 
::u 
0c:.. 
S- 
"0 
0a. 
S' 
c: 
(1)8 


Theb•• e _ 
•••• """ leDlth of _ch C<lDVeraion 
buffer """ the dNtination 
buffer ••.• DICLAIlIlD 
IITIIN.l in thia utility. 
Other optiona .uch ••• election 
of the t1Mr uaed ••• 
ti_ 
••e, the leDeth of the buffer, """ the effeetive 
n_r 
of bit. 
in the reported r•••ult are •• t .t 
•••••• ly t1M throgp uae 
of llQUat••• in thi. -.Ie. 


The foll_in, 
~tera 
need to be providecl.t 
•••••• ly or link t1M. 


Thebuffer b•••••••.• 
cleclareclII'rRII.l by thi. 
utility, 
while the buffer 
leDlth .hitt 
count and BSO_ 
••.• IQUeted. 


Burro_BASI 
Burrl_BASI 
DBS!_Burr 
_BASI 


The .tartin, 
_. 
of Burro 
The .tarUDf addreaa of Burn 
The.tartin, 
_. 
of the _loed 


; tar,et 
bufter. 


The nUliber 
of 
tiaea 
that 
the 
CODv.ra1on 
reeul t i. 
to be .hifted 
ript 
f•.•• it. 
n.tural 
left Juatified 
_ition. 
SettiDf •• hitt 
count _ter 
than 6 ••ill 
_ult 
in loot bit. 
to the ript. 
ROUDdin,i. NOT 
done. 


S-.plee 
are .tored 
sa word8 in the butten. 
'lb.eprocr- 
.tor •• 
converaioDelinearly in Burro and Burrl, and li~ly 
or paired in the 
<!Ntin.Uon buffer •• 
elected. 
If the dC*Dloedi. to be paired, the fir.t 
._1. 
i. pl.ced in location DIS! Burr BASB,the .ocond ._le 
i. plececl in 
location (DBS!_Burr_BASB 
+ Burr_LiNcmri,the third in (DBST_BUrr_BASB 
+ 2), 
the fourth in (DBS!_Burr_BASB 
+ 2 + Burr_LlllGTB),etc. 


BeJect 


c 
(/).. 
s- 
co 
t.. 
0 
0 
0 
0 
~ 


:l 
< 
CD 


~ ~ 
CD.. 
:J:I0c.. 
s- 


CDa 
0a.. 
:;,c 
<D.B 


Whena utility 
call 
direct. 
the 
initiation 
of • Nt at A2Dconver.iou. 
the 
tint 
conver.ioo 
i. beeuo at approxt.ately 
one • .-ple 
U.• 
plua 50 atate 
U.•• 
Ire. 
when the utility 
wu 
called. 
Tld. 
ua •.• 
that 
DO 
interrupt. 
are 
prMeot. 


The coDveraioD buy 
bit 
ia set 
-wroxi8ately 
60 .tate 
ti..8e8 
after 
a call 
to the utility, 
if the CODvertbit _ 
oet io the A2D_Cootrolbyte. 
The 
buy 
bit 
ie 
cleared 
.fter 
all 
cooveraloa 
reaulta 
bave beeD atored 
in the 
•.•••ult buffer cleeilDated(Burro or Burri) . 


Takecreat care io _ifyi.., 
the A2D_Cootrolbyte to do a doomloedNhile 
cooverlliona 
are 
takin, 
place. 
You can never 
download. 
buffer 
that 
18 
; hei.., converted ioto. 
Theresulta wouldbe iovalid. 
'eJect 


I 


c•- 
5"a 
t>-- 
0 
0 
0 
0 
~ 
::s<•• 
01 ~ 
I\) 
••.. 
:JJ 
0So 
5" 
••0 
0 
~:l 
C 
CDS, 


1I:S-96 
NACIlD ASSIiIIILBR 
_ 
toe 
OIJICT 


0002 
0004 
0006 
0008 


0009 
0003 
0004 
0006 


SOURCI STATIIMIlNT 


RSBG 


BXTRN BUFfO_BASI. 
BurrI 
BASB. 
DEST Burr 
BASI 
IXTRN Ild__ 
• Ild_ •.•••ult_lo. 
Ild=..-uit_hi 
BITIDfbao_~d. 
Mo_tt.:.ap 


64 
1 
TIMIlIIl 


TIMIlIIl 
equ 
OAB 
T2CLI 
equ 
OCR 


MASK 
equ 
(lOhtcLOCl)ABD(40h) 


Stert_A2D 
equ 
(OOOOllllb)OR(MASK) 
;.tart a2dbued 
OD 
t t.er I, 
DO 
interrupt 


RSO_O_'- 
equ 
(OOOOOOOOb)OR(MASI() 
; .ue 
bao.o low bued 
OD ti8erl 
DOinterrupt 


IISO_O_Kich 
equ 
(OOlOOOOOb)OK(MASK) 
; l18ke 
hao. 0 hi 
baaed on tiJterl 
no interrupt 


Ilduct....,o: 
DSW 
aduct_l: 
OSW 
top_of_buffer: 
OSW 
a_Ie_count: 
DSB 


1; teIIP re.iatera 
for 
conversion 
call. 
1 
1 
1 


D6B 
1; the 
byte 
that 
cootrola 
the 
utility 
executiOD 
Orono 
equ 
3 
SilDad/llDailDedt 
COD_DIm equ 
4 
; CODvert/Doomloedt 
80_81 
equ 
5 
i Butfl/ButfOt 
for 
conV8l'111oDII 


; 
BuffO/Buffl' 
for 
doImloeda 
LiD]er 
equ 
6 
; 
LiD ••••. /Pairad. 
Buey 
equ 
looooooOB 
; 
Bit 
8 


0000 
c 
0000 


lIJססoo 
- 
0002 
5' 
llOO4 
CO 
t 
2002 
~- 
0 
C 
2002 
ACoo 
0 
0 
~ 
~ססoo 
< 
CD 
(11 
~ 
W 
CD.. 
::a0c- 
5' 
CD 
0 
0~:rc 
<DS 


arc-ptr: 
DSW 
Ii 
8C8e overlaY8ble 
t~ 
re,iatera 
teIIP aet 
arc-ptr:WORD 
de.t...ptr: 
DSII 
I 
loop_count: 
DSW 
I 


PUBLIC 
A2D_DONE_Vector 


DCW 
A2D_DONE_Vector 


I 


IK:S-96 
MACHOASSBMBLBR 
A2D_BUFFBRII«l_ UTILITY 
02/18/86 
PAGIl 


IRR toe 
OIIJBCT 
LINI 
SOURCI STATIlMIlNT 
207 
סס oo 
208 
A2D_BUFF_Util: 
209 
0000 
3C0862 
R 
210 
.JBS 
CODtrol_A2D, 
COD_Dwn, Couvert 
; Select 
convert 
or 
dOWDload 
0003 
211 
Download: 
0003 
A1ooo000 
I 
212 
LD 
arcJtr.IBUlTl_BASI 
0007 
350904 
R 
213 
.JBC 
Cootrol_A2D, 
80_81, 
Set_Data_'ol'llllt 
214 
oooA 
215 
Download_BUFFO: 
C 
OOOA A1000000 
I 
216 
LD 
ercJtr,'BUFFO_BASB 
III 
217 
.•. 
218 
S' 
0001 
219 
Set 
Data forwat: 
; Choose 
11near 
or paired 
C 
0001 
A100ooo2 
I 
220 
- 
Lo 
d••• tJ>tr, 
'DIST_BUFf 
_BASI 
t 


0012 
Bl4004 
R 
221 
LDB 
loop _count 
I 'BUIT_LENGTH 
0015 
310910 
R 
222 
.JBS 
Control_A2D, 
LiD_Par, 
Linesr_data_100p 
223 
.•. 
224 
0 
0018 
180104 
R 
225 
PAIRBD: 
SBRB 
loop_count,'l 
; 
The 
paired 
data 
routine 
ua'" 
1/2 
C 
225 
j U -.By loopa u 
the unpaired 
0 
001B 
227 
Paired_Data_1oop: 
0 
00lB 
A20000 
R 
228 
LD 
adudt.-pO, 
(or<:_ptr]+ 
; Move even word 
~ 
::J 
0011 
C20200 
R 
229 
ST 
adudt.-pO, 
(deotJ>trJ 
< 
0021 
65400002 
R 
230 
ADO 
deot_ptr,'BUFf_LlI«lTB 
; 
Lellfth 
= • 
of 
wordo 
= 
1/2 
• 
of 
byt ••• 
CD 
01 .. 
231 
.•. 
~ 
CD 
0025 
A20000 
R 
232 
LD 
adudtespO, 
(or<:_ptr 
J+ 
i Move odd word 
.. 
0028 
C20200 
R 
233 
ST 
adudt-.pO, 
[deotJ>tr]+ 
:JJ 
0028 
69400002 
R 
234 
SUB 
deot J>tr, 
'BUFF _LII«lTB 
0 
235 
c:.•. 
002f 
800419 
R 
236 
DJNZ 
loop_coUDt, 
Paired_Date_loop 
j 
Loop until 
done 
S' 
237 
CD 
00322800 
238 
CALL 
Convert_Data 
0 
0034 
ro 
239 
HIT 
0 
240 
~ 
241 
5' 
0035 
242 
Linear_Data_loop: 
j Move data 
linearly 
C 
0035 
A20000 
R 
243 
LD 
adudt.-pO, 
[orc_ptr]+ 
(1) 
0038 
C20200 
R 
244 
ST 
adudt-.pO, 
[deot_ptr]+ 
S 
245 
0038 
8004" 
R 
246 
DJ'NZ 
loop_count, 
Linear_Datil_loop 
j 
Loop until 
done 
247 
0038 
2801 
248 
CALL 
Convert_Data 
0040 
ro 
249 
HIT 
250 
.eJect 
270189-60 


_a 


I«:S-96 
MACROASS_LlR 
A2D_Burt'IlIIINlUlTILITY 
02/18/86 
PAGIl 
8 
I 
Il 


BRR LOC 
OIIJ'ICT 
LINK 
SOUllCB ST4TIIMB/IT 
251 
0041 
252 
COnvert_Data: 
i Convert the 
data 
in the deetinatloD 
buffer 
253 
0041 
41400004 
R 
254 
LD 
loop_count 
I 'Burr _LIl«)TR 
0045 
AlOOOOOO 
I 
255 
LD 
arc_ptr 
•• OIST_Burr 
_BASI 
256 
004942סס oo 
R 
257 
"'aiD: 
LD 
adudt~. 
rarc_ptr) 
004C 
71COOO 
R 
258 
ANnA 
.tf". ..••.-.I' 
.,1nMMN. 


004r 
330909 
R 
259 
.1BC 
Contro(A2D 
I 
DFol"Wl. 
UnaianectR_ult 
C 
260 


(/) 
0052 
261 
SilDed_Reaul 
t: 
.. 
0052 
69807roo 
R 
262 
SUB 
adIIdt-eJ.nfe08 
:; 
0056 
040100 
R 
263 
SRRA 
adudt-a. 
~btft_CoUDt 
IQ 
00592003 
264 
BR 
Rep1ace_Sup1. 
r 
265 
oo5B 
266 
UnaitDed_Reault 
: 
~ 
oo5B 
080100 
R 
267 
SRR 
adudt-eJ 
•• 
Shtft_CoUDt 
.. 
268 
0 
0051 
269 
Rep1ace_Sup1.: 
0 
0051 
C20000 
R 
270 
ST 
adudt-a. 
rarc-ptrJ+ 
0 
0051 
100485 
R 
271 
OJN2 
loop _ COUDt. "'aiD 
i Loop until 
done 
0 
272 
~ 
0> 
::J 
0064 
ro 
273 
HIT 
., 
:.I. 
." 
, 
< 
274 
I 
...• 
CD 
~ 
01 
::l. 
275 
....• 
01 
CD 
0065 
276 
Couvert: 
; j 
Prepare 
to 
Start 
CODveraioaa 
C1l 
..• 
277 
:2l 
0065 
r2 
278 
PUSBF 
0 
279 
C.. 
0066 
918009 
R 
280 
ORB 
CoDtrol_A2D, 
'Buay 
i Nt converter 
busy bit 
S' 
281 
CD 
0069 
B13F08 
R 
282 
LDB 
a_1e_COUDt 
•• BUFr_LBNllTJI - 
1 
0 
006C 
410סס oo6 
B 
283 
LD 
top _of_buffer 
.Uurro_BASB 
0 
0070 
41800004 
1 
284 
LD 
aduct_1 
•• (BurrD_BASI 
+ 2*1lurr_LBHGTR) 
:J 
285 
g 
0074 
350908 
R 
2116 
.1BC 
Control_A2D. 
80_81. 
Start_Conveniona 
C 
0077 
410סס oo6 
1 
287 
LD 
top_of 
_buffer 
•• BUFr1_BASI 
<D 
oo7B 
41800004 
1 
288 
LD 
aduct_1 
•• (Burrl_BASI 
+ 2*1lUFr_LBHGTII) 
Q.- 
289 
.eJect 
270189-61 


I 


007' 


007' 
51070900 


0083 
44OAOA02 


r' 
U; 
008D 
CCOO 
- 
R 
S- 
lQ 


"'"L 
0095 
81020200 
R 
- 
0 
0099 
640A02 
R 
0 
0 
0 
~ 
::J< 
00A2 
C800 
R 
ID 
01 
:::1 
Ol 
ID..• 
:0 
ooAA r3 
0 
OOD 
ro 
C.. 
S- 
ID 
0 
0::!. 
'S. 
c: 
CD.a 


i.tart 
tirat 
coDveraiOD 
;008 UllPle 
tiM 
f~ 


;DOW 


Load_BSO_C.-..d 
BSO_O_l_ 


1'01" 
KIT 


IRR 
LOC 
08JIlCT 
OOAl: 


00Al: 
00Al: r2 


OOAD C60600 
0010 
C60600 
00113 51070900 


00117 100809 
OOIlA 1708 


001lC 8IlO406 
OOlf Dr26 
OOC1 n 
00C2 ro 


OOC3 
00C3 
640AD2 
00C6 
lI80406 


oocr~ 


0002 
0002 ro 


0019 
DIOC 
_n 
00Dc: ro-- 


~ 
DrD2 
_n 
_ro 


oorr 
0017 717109 
-.n 
_ro 
ex.: 


1Id_ •••• ult_10. [top_of_buffer]+ 
lid 
•••• ult bi. (top of bUffer]+ 
....=....-...:i.,._•......,_.:;n. flftNVV't1 !.!.~ 


Set DeXt_Ie 
ti8e 
Cbecktop of buffer 
tor 
later 
JUIIP 


.JIIC 
_le_COQIIt,O, 
__ 
IIlIO_HiCh 


__ 
lIllO_low:- 
~_IIlIO_~ 
IIlIO_O_Low 


III 
Top_of_buff••.• 
POPr 
lIT 


lIlIke_lIlIO_blCh: 
~_IIlIO_~ 
IIlIO_O_BICh 


III 
Top_of_buff••.• 
POPf 
lIT 


Top_of_buffen: 
AlQJII CcJatrol_A2D,'IIO'I'(lIuey) 
POPr 
lIT 


I 


inter 


The listing contains a fairly complete description of 
what the program does. The block by block operations 
are shown below: 


Lines 1-198 describe the program, declare the variables 
and set up equates. Several of these variables are de- 
clared as overlayable, so the user needs to be careful if 
using this module for other than the FFf 
program. 


Lines 205-210 declare a macro which is used to load the 
HSO unit. This will be used repeatedly through the 
code. 


Lines 212-253 determine 
whether 
a conversion 
or 
download has been requested. If a download has been 
requested, the data is downloaded to the destination 
array as either paired or linear data. Paired data has 
been described earlier. 


Lines 255-278 contain a subroutine which converts the 
destination array to either signed or unsigned numbers. 
The numbers are also shifted right to provide the de- 
sired 
full-scale 
value 
as 
requested 
by 
SHIFf_ 
COUNT. 


Lines 279-334 initialize the conversion routine. HSO.O 
is toggled with the start of each routine so that an ex- 
ternal sample and hold can be used. The instructions in 
lines 308,316, and 326 have been interweaved with the 
Load_HSO_Commands 
to provide the required 
8 
state delays between HSO loadings. If this was not 
done, NOPs would have been needed. It is easier to 
understand 
the code if these lines are thought of as 
being gathered at line 326. 


Lines 337-353 are the actual AID 
interrupt routine. 
The AID results are placed BYTE by BYTE on the 
buffer, the AID is reloaded, and then the number of 
samples taken is compared to the number needed. Note 
that the AID command register needs to be reloaded 
even if the channel does not change. INCB on line 348 
is used to insure that the DJNZ falls through on the 
next pass (if sample_count 
is not reset). 


Lines 355-396 complete the routine. The HSO is set up 
to trigger the next conversion and provide the HSO.O 
toggle for an external sample and hold. Once again, the 
time between consecutive loads of the HSO is 8 states 
minimum. Note that this section of code has been opti- 
mized for speed by reducing branches to an absolute 
minimum and duplicating code where needed. 


This concludes the description of the A to D buffer 
module. In the FFf 
program, this module is run, then 
the FFf 
transform module, then the plot module. This 
allows variables to be overlaid, saving RAM space. The 
time cost for this is not bad, considering the printer is 
the limiting factor in these conversions. If more RAM 


was proviiled, and the FFf 
was run with its data in 
external RAM, this module could be run simultaneous- 
ly with the other modules. 


The plot module is relatively straight-forward, 
and is 
shown in Listing 5. After the declarations, which in- 
clude overlayable registers, an initialization routine is 
listed. This separately called routine sets up the serial 
port on the 8096 to talk to the printer. In this case, the 
port has to be set for 300 baud. 


A console out routine follows. This routine can also be 
called by any program, but it is used only by the plot 
routine in this example. The write to port 1 is used to 
trace the program flow. The character to be output is 
passed to this routine on the stack. This conforms to 
PLM-96 requirements. 


Since all stack operations on the 8096 are 16-bits wide, 
a multiple character feature has been added to the con- 
sole out routine. If the high byte it receives is non-zero, 
the ASCII character in that byte is printed after the 
character in the low byte. If the high byte has a value 
between 128 and 255, the character in the low byte is 
repeated the number of times indicated by the least sig- 
nificant 7 bits of the high byte. 


The print decimal number routine is next. It is called 
with two words on the stack. The first word is the un- 
signed value to be printed. The second byte contains 
information on the number of places to be printed and 
zero and blank suppression. This routine is not over- 
flow-proof. The user must declare a sufficient number 
of places to be printed for all possible numbers. 


The DRAW_GRAPH 
routine provides the plot. It 
first sends a series of carriage 
return, 
line feeds 
(CRLFs) to clear the printer and provides a margin on 
the paper. Each row is started with the row number, 2 
spaces, and a "+". Asterisks are then plotted until 


Recall that PLOT_RES 
is a variable set by the main 
program. When the number of asterisks hits the desired 
value, the value of the line is printed. If the Decibel 
mode is selected, the line value is divided by 512 and 
printed in integer + decimal part form, followed by 
"dB". 
If the number 
of asterisks reaches PLOT_ 
MAX, no value is printed. The next line is then started. 
A line with only a "!" is printed before the next plot 
line to provide a more aesthetic display on the printer. 
If a CRT was used, this extra line would probably not 
be wanted. 


SIBIIS-III I«:S-96MACRO 
ASS_LIB, Vl.O 


SOUIlCIl 
FILl: :F2:PLOTSP.A96 
OBJICTFILl: :F2:PLOTSP.OSJ 
OOIlTROLS 
SPlCIFIIDIN INVOCATION 
OOIIIAHII: 
NOSB 


!: 
~- 
S-a 


~ I 
":T 
U1 
It 
co 
:!! 
0-~0 
Q.סס oo 
c 
CD 


סס oo 


0024 
0024 
0028 
oo2C 
0021 
0030 
0032 


סס oo 


Intel Corporation. 
D~ 
12, 1981l 
by Ira Borden. 1«:0ApplicatiODll 


Th18procr- 
procluce. a plot on oerially 
CODDeCted 
printer. 
The 
.,inlt" 
of each of the 32 input .al_ 
ia plotted horizontally. 
with one 
"!" foll_ 
by a linef_ 
be_ 
each plot liDO. Bachplot line otarte 
with a "+" end tbe entire 
plot ...,ioo with 3 liDO feedo end _ 
with a fora 
f_. 
The .al_ 
to be plotted are 32 unolcne<lwarda bued at the externally 
defiDed pointer PLOT_IN. 


The routine IHIT_OU'I'PUT 
_t 
be run to oet up the oerial 
port whenthe 
o,.t_ 
io turned on. 
CON_OUT 
aID be ueed by a pro_ 
to output to the 
oerial 
port. 
DRAIf_ClRAPII 
io the routine thet aut••• tically 
ploto the data. 


Sid ••• of the CnIPh 
aID be done uei••• PLOT_RBS. 
which deteraineo how_y 
unito are n_ed 
for each clot, end PLOT_MAX. 
which 18 the axt.. 
.alue 
the 
progr_ 
will be puoed. 
Note that 
(PLOT_MAX/PLOT_RBS) 
defin•• the _i_ 
n••••or of col_ 
the routine will print. 


IXTRN iocl, 
baud_rei.• peon, .petat, 
abut, portl 
IXTRN 
sero. ax, bx, 
ex, 
dx. 
FnJ«>D1 
apillp: 
dab 
1 


OSlO at 248 
.alue: 
clal 
diYioor: 
dol 
xptr: 
dew 
yptr: 
dew 
xval: 
dew 
10,_.al: 
dew 


I 


2500 
812000 


0270 


0082 
006r 


2503 
816FOO 
2506 
818200 


2509814900 
250C 
812000 


250r 
ro 


PLOT_SIlRIAL 


LINK 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
66 
57 
58 
59 
60 
61 
82 
63 
64 
60 


SOORCB STATDEN'r 


CSBO at 25008 


I 


C 
254C 
III.• 
254C COOO 
3" 
254B OCOO 
'" 
2660 
ACOlOO 
I 


2553 
<1300962528 
2558 
0024 
255A 
~ 
255A 0126 
CD 
"U 
255C 1IC2824 
~ 
0" 
255r 
380017 
.• 
2562 
9IlOO24 


(J) 
3: 
2565 
070r 
I\) 
0 
2567 
a. 
2567 
310003 
C 
256A 38280C 
ii 
256D 3AOOl5 
0 
2570 
AlfOOO24 
0 
2574 
2003 
a: 


2576 
910100 
::;,c 
2579 
65300024 
<D 
2570 
617ro024 
.e, 
2581 
C824 
2583 
2r81l 
2585 
A02624 
2588 
OIZA 
258A BDOA0028 
258Il 
880028 
2591 
07C7 
2593 
25938300 


2596 
2596 
OOOOOIOOOA006400 


PLOT_SOUL 


LIMB 
107 
108 
109 
110 
III 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
145 
147 
148 
149 
150 
151 
152 
153 


Call 
with 
two worda on atack. 
The tirllt 
ia 
the 
value 
to be printed. 
The aecond 
baa 
-.de 
iofo •.•• Uoo 
io 
tile 
low byte. 


f«)I)l: 
000 =: aupretla 
all 
zerOli 
001 
= priot 
all 
oUllbera 
010 
= aup..-a 
all 
.eroe 
except 
riCht.oat 
Ixx 
= do DOt priot 
I_io. 
blaoka 


The biCh 
byte 
of 
the 
2nd 
••••rd 
= 2x the 
oUllber 
of 
placea 
to 
he 
prioted 


PRINT_MlM: 
pop 
pop 
I"'.e 
Id 
pop 
diy 
loop: 


- 
clr 
divu 
Jba.,.. 


Joe 


Jbc 
Jba 
protDp: 
Jba 
Id 
br 


DOD 
0: 
orb 
cbr=ok: 
add 
aod 
puab 
call 
coot: 
Id 
clr 
divu 


C8P 
Joe 
diy 
dooe: 
- 
br 


ex 
bx 
cbc,bx+l 
diviaor,divtab[dx] 
value 


value+2 
value, 
di vi.or 
bx,O,cb:r_ok 
value, zero 
Doo_O 


bx I I, prntap 
diviaor,O,chr_ok 
bx, 2, coot 
value,toroS 
cbr_ok 


bx,fOOOIB 
value,'30b 
value,#7r:b. 
value 
coo 
out 
value, value+2 
divi.c»r+2 
diviaor.IIO 
diviaor,zero 
diY_loop 


Seed 
Oeciaal 
nUllber 
to 
OON_OUT 


bx 
ia 
IIOde byte, 
bx+1 
ia 
diyiaor 
pointer 


; 
J\IIIIP it value 
1. 
DOD zero 
Value i. zero 


j Print 
apece 
lnatead. 
of 0 
; 
If 
io 
riCht.oat 
poai Uoo 
print 
0 
Do not 
priot 
ap_ 
if 
bit 
ia 
aet 
Orob+30b 
= 20B = apace 


; Set flea .0 0'. 
will 
be priJlted. 
; 30b+o=Oto9ucll 
.end leut 
al, 
.eYeD bit., clear upper word 


_. 
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ICS-96 
MACIIOASSIlMBLBR 
PLOT_SBRIAL 


BRR LOC 
0IlJICT 
LIn 
SOURCB STATBMBNT 
154 
155 
156 
157 
25A2 
158 
DRAIUlIIAPJI: 
i Graph dr_in. 
routine 
25A2 
COODOD 
159 
puob 
todb 
25M 
2F69 
160 
call 
con out 
25A7 
COOA82 
161 
puab 
1820AR 
,.. 
Cleer 
3 
lineo 
25M 
2f64 
162 
call 
COlI_OUT 
25AC C90000 
163 
puab 
toO 
25'" 
2r6r 
164 
call 
CON_out 
165 
C 
2581 
0120 
166 
clr 
xptr 
UI 
2583 
01SO 
167 
clr 
xval 
.. 
2585 
168 
NXT__ 
: 


S' 
2585 
COODOA 
169 
puab 
toAODH 
; CRLr 
C 
2588 
21'56 
170 
call 
COlI OUT 
I 


25BA C9000D 
171 
puob 
toOii 
j Dul 
258D 
21'61 
172 
call 
CON_OUT 
173 
~ 
258r 
C830 
< 
174 
puab 
xval 
CD 
"U 
2501 
COO20A 
175 
puab 
'(OAOOH 
or 
ODI0b) 
; .upre.. all zer08 except riaht.o. t 
~ 
~ 
0' 
25C4 
2r86 
176 
call 
PRINT_111M 
"U 
177 
I 
.. 
N 
(l) ~ 
25C6 
092020 
178 
puab 
12020H 
; Print 
2 apace. 
..., 
W 
0 
2509 
2r45 
179 
call 
CON OUT 
UI 
Q. 
25CB C92BOD 
180 
puab 
'2Bii 
; + 
c: 
250B 
2r40 
181 
call 
COD_out 
ii' 
182 
0 
25DO AlOOOO2B 
B 
183 
Id 
yptr.'PLOT_RES_2 
; PLOT_RES_2 
= PLOT_RBS/2 
0 
184 
i PLOT_RlS i. defined 
7 linea 
dQlilQ 
a. 
186 
:;- 
2504 
186 
NXT_COL: 
j 
Next Col.-a 
C 
2504 
882D00OD2B 
B 
187 
ClIP 
yptr. 
PLOT_IN[xptr 
1 
<D 
25D9 
D911 
188 
jb 
PRT_IIIM 
8 
25D8 
189 
PRT_MIt: 
i Print 
Mark 
25D8 
C92AOD 
190 
puab 
t2AR 
25DI 
2F30 
191 
call 
COlI_OUT 
2510 
192 
IRe_CNT: 


2580 
650OD02B 
B 
193 
add 
yptr. 
'PLOT_RES 
i PLOT_RES = nUllber 
of 
input. 
per 
output 
point 
25B4 
890D0D2B 
B 
194 
ClIP 
yptr.'PLOT_MAX 
; PLOT_.ex 
= .ext- 
lina 
IBD1tb 
25B8 
DlBA 
196 
jnb 
met 
col 
25BA 204r 
196 
br 
NXTLN 
197 
'eject 
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BRIl LOC 
OBJICT 
LIN! 
SOUReB STATlMBNT 
198 
25BC 
199 
PRT_IIlIC: 
25BC B9OOO02B 
B 
200 
c.p 
yptr,'PLOT_RBS_2 
; 
If 
value 
i. 
1•••• 
then 
.int.. 
needed 
2510 
0149 
201 
be 
NXTLN 
; for a plot, 
do Dot print 
value 
202 
2512 
C92020 
203 
puab 
'202OB 
; 
print 
2 ._ 
tben 
value 
25F5 
2r19 
204 
call 
COD_out 
25" 
38000B 
B 
205 
JBS 
r"_1Il0B, 
3, <1>_••••• 
206 
25rA 
207 
Dom_lkJde: 
25rA 
CB2DOOOO 
B 
20B 
puab 
PLOT_III[xptr 
J 
25ft 
C9OO0A 
209 
puah 
'(OAOOH 
or 
OOOOB) 
j aupre.. 
all 
ze~ 
•... 
2601 
2f49 
210 
call 
PHINT_1IlIC 
iii' 
2603 
2036 
211 
BR 
NXTLN 
.. 
212 
5' 
2605 
213 
<1>__ 
: 
C 
2605 
A32DOOOO2B 
B 
214 
Id 
yptr,plot_in 
[xptr 
1 
; 
PLOT_IN 
: 
512*l0*LOG(x) 
I 


260AOB012B 
215 
.hr 
yptr,#l 
; 
yptr:265 
* 10LOG(x) 
2600 
AC2lOO 
B 
216 
l<1>ze 
_.yptr+l 
; 
ax: 
10LOG(x) 
: 
yptr/256 
217 
=r 
2610 
C800 
B 
21B 
puah 
ax 
j 
Print 
AX 
ID 
'1J 
2612 
COO2OA 
219 
puah 
'(OAOOH 
or 
0010B) 
i _"'Preal. all but 
ri_tltOet 
zero 
~ 
0' 
2615 
2135 
220 
call 
PHINT_1IlIC 
.. 
2617 
C92B00 
221 
puoh 
#2BR 
; Deei.l 
point 
en i: 
261A 
2Bf4 
222 
call 
COD_out 
.j>. 
0 
223 
Q, 
261C 
B02B01 
B 
224 
Idb 
ax+l,yptr 
; hip 
byte ot ax = fractionsl 
portion 
of 
c: 
26lr 
1100 
B 
225 
elrb 
ax 
; 
10LOG(x) 
CD 
226 
a 
2621 
60860300 
B 
227 
...xu 
ax,'3B6H 
; 
if 
ax:flOOH 
then 
ax+2 
n"" 
: 
99B decial 
0 
2625 
370102 
B 
22B 
Jbe 
ax+l.1.Do_rad 
~ 
262B 
0700 
B 
229 
ine 
dx 
; round value 
up 
S' 
230 
c: 
262A 
CBOO 
B 
231 
DO_l"Dd: pWlh 
dx 
; 
dx:ax+2 
CD 
2620 
COO106 
232 
puah 
'(600R 
or 
00018) 
; print 
all 
nu.bera 
to three placu 
,e, 
262r 
2r18 
233 
call 
Print_n 
•• 
2631 
C92000 
234 
puoh 
'20H 
; apace 
2634 
2BDA 
235 
call 
COD_out 
2636 
Cll6442 
236 
puoh 
#42648 
j 
"dB" 
26392BD5 
237 
call 
COD_out 
23B 
239 
.eJect 
270189-69 


11:8--96 
Il.lCJIO ASS_LIR 
PLOr_SBHIAL 


IIIR 
LOC 
OIJJCT 
LIllI 
SOllIlCI 
STA~ 
240 
241 
263J 
C90DOA 
242 
IlI'fLN: 
_h 
toMDH 
2631 
2IDO 
243 
call 
CON OUT 
2640 
C90000 
244 
_h 
10GB 
264321C8 
245 
call 
CON OUT 
26415 C92086 
246 
~ 
t86201 
2648 
2BC6 
?~ 
_11 
~~ 
264A 
C92100 
248 
PlI'Ih 
121B--· 


264D 
2BC1 
249 
call 
COD_out 
2l5O 
264r 
0730 
251 
iDe 
xve1 
C 
2651 
6l502OO2C 
252 
add 
xptr,l2 
• 
26li5 
893IOO2C 
253 
ClIP 
xptr,f62 
- 
2659 
D2022758 
264 
b1e 
DXt_row 
SO 
25S 
to 
265D 
C9ODOA 
256 
DoDe: 
_h 
tOMDH 
t 


2660 
2IAI 
257 
call 
CON_OUT 
2662 
C9000C 
258 
_h 
tOCOOH 
26615 2IA9 
259 
call 
COD_out 
':7 
260 
It 
2667 
ro 
261 
lilT 
'V 
! 
0' 
2668 
262 
IND 
- 
Ol 
I: 
MS_LY 
CCN'LITID, 
110 IJIIlOII(S) 
roUIID. 
01 
0 
ICL 
Cii' 
0 
0a 
:j"c 
CD 
.s, 


Start 
pr1nU 
••• 
next 
"* 


CIlLI' 
; 
ro •• 
teed 
tor 
next 
IAPh 


intJ 


At the end of the plot, a form feed is given to set the 
printer up for the next graph. Our printer would fre- 
quently miss the character after a CRLF. To solve this 
problem, a null (ASCII 0) is sent after every CRLF to 
make sure the printer is ready for the next line. This 
has been found to be a problem with many devices run- 
ning at close to their maximum capacity, and the nulls 
work well to solve it. 


With the plot completed, the program begins to run 
again by taking another set of A to D samples. 


The program can be used with either real or tabled 
data. If real data is used, the signal is applied to analog 
channel I. The program as written performs AID sam- 
ples at 100 microsecond intervals, collecting the 64 
samples in 6.4 milliseconds. This sets the sampling win- 
dow frequency at 156 Hz. If tabled data is used, 64 
words of data should be placed in the location pointed 
to by DATAO in the TABLE_LOAD 
routine of the 
Main Module. 


Program control is specified by FFT_MODE 
which is 
loaded in the main module. Also within the main mod- 
ule are settings which control the A to D buffer routine 
and the Plot routine. The intention was to have only 
one module to change and recompile to vary parame- 
ters in the entire program. 


The program modules are set up to run one-at-a-tirne so 
that the code would be easy to understand. Additional- 
ly, the Plot routine takes so long relative to the other 
sections, that it doesn't pay to try to overlap code sec- 
tions. If this code were to be converted to run a process 
instead of print a graph, it might be worthwhile to run 
the FFT and the AID routines at the same time. 


If the goal of a modified program is to have the highest 
frequency sampling possible, it might be desirable to 
streamline the AID section and run it without inter- 
ruption. When the A to D routine was complete the 
FFT routine could be started. The reasoning behind 
this is that at the fastest AID speeds the processor will 
be almost completely tied up processing the AID infor- 
mation and storing it away. Using an interrupt based 
AID routine would slow things down. 


A set of programs which will perform a FFT has been 
presented in this application note. These programs are 
available from the INSITE users library as program 
CA-26. More importantly, dozens of programing exam- 
ples have been made available, making it easier to get 
started with the 8096. Examples of how to use the hard- 
ware on the 8096 have already appeared in AP-248, 
"Using The 8096". These two applications notes form a 
good base for the understanding of MCS-96 microcon- 
troller based design. 


inter 


Matrices are a convenient way to express groups of 
equations. 
Consider 
the 
(omplex 
discrete 
Fourier 


Transform in equation 9, with N = 4. 


3 


Yn =I X(k) wnk 
n= 
0, 1, 2, 3 


k=O 


This can be expanded to 


Y(O) = X(O) WO + X(1) WO + X(2) WO + X(3) WO 
Y(1) = X(O) WO + X(1) Wl + X(2) W2 + X(3) W3 
Y(2) = X(O) WO + X(1) W2 + X(2) W4 + X(3) W6 
Y(3) = X(O) WO + X(1) W3 + X(2) W6 + X(3) W9 


[ 


Y(O)] 
[WO 
W(I 
WO 
WO 


Y(1) 
_ 
WO 
W1 
W2 
W3 


Y(2) 
- 
WO 
W:' 
W4 
W6 
Y(3) 
WO 
W:, 
W6 
W9 
] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


The first step to simplifying this is to reduce the center 
matrix. Recalling that 


The matrix can be reduced t,) have less non-trivial mul- 
tiplications. 
Ulii] 
[j 


1 
1 
1 
Wl 
W2 
W3 
W2 
WO 
W2 
W3 
W2 
Wl 
] 
[ 


X(O) 
] 
X(1) 
X(2) 
X(3) 


[ 


Y(O) ] 
[ 
1 WO 0 
0 
- [ 
1 0 WO 
0 
] [ X(O) ] 
Y(2) 
_ 
1 W20 
0 
0 1 
0 
WO 
X(1) 


Y(1) 
- 
0 
0 
1 Wl 
1 0 W2 
0 
X(2) 


Y(3) 
0 
0 
1 W3 _ 
0 1 
0 
W2 
X(3) 


For this equation to work, the Y(I) and Y(2) terms 
need to be swapped, as sho" n above. This procedure is 
a Bit Reversal, as described in the text. 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) + X(2) W3 
X(1) + X(3) W2 


requiring 4 complex multiplications 


& 4 complex additions 


Noting that WO = - W2, 2 of the complex multiplica- 
tions can be eliminated, with the following results 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) - 
X(2) WO 
X(1) - 
X(3) WO 


requiring 2 complex multiplications 


and 4 complex additions 


Since Wi = - W3, a similar result occurs when this 
vector is multiplied by the remaining square matrix. 
The resulting equations are: 


Y(O) = (X(O) + X(2) WO) + WO (X(O) + X(3) WO) 
Y(2) = (X(O) + X(2) WO) - 
WO (X(1) + X(3) WO) 


Y(1)'= 
(X(O) - 
X(2) WO) + Wl (X(1) - 
X(3) WO) 


Y(3) = (X(O) - 
X(2) WO) - 
Wl (X(1) - 
X(3) WO) 


The number of complex multiplications required is 4, as 
compared with 16 for the unfactored matrix. 


N' 
EXPONENT 
2 
complex multiplications • 


The following plots are examples of output from the 
FFf 
program. These plots were generated using tabled 
data, but very similar plots have also been made using 
the analog input module. Typically, a plot made using 
the analog input module will not show quite as much 
power at each frequency and will show a positive value 
for the DC component. This is because it is difficult to 
get exactly a full-scale analog input with no DC offset. 
Plot I is a Magnitude plot of a square wave of period 


NT. 
Plot 2 is the same data plotted in dB. Note how the dB 
plot enhances the difference in the small signal val- 
ues at the high frequencies. 


Plot 3 shows the windowed version of this data. Note 
that the widening of the bins due to windowing 
shows energy in the even harmonics that is not 
actually present. For data of this type a different 
window other than Hanning would normally be 
used. Many window types are available, the selec- 
tion of which can be determined by the type of 
data to be plotted) 
Plot 4 shows a sine wave of period NTI7 
or fre- 
quency 7/NT. 


Plot 5 shows the same input with windowing. Note the 


signal shown in bins 6 and 8. 


Plot 6 shows a sine wave of period NT/7.5. Note the 


noise caused by the discontinuity as discussed ear- 
lier. 


Plot 7 uses windowing on the data used for plot 6. Note 


the cleaner appearance. 


Plot 8 shows a sine wave input of magnitude 0.707 and 


period NTI7.5. 


Plot 9 shows same input with windowing. 
Plot 10 shows a sine wave of magnitude 0.707/16 and 


period NT/II. 


Plot 11 shows the same input with windowing. Note 


that there is no power shown in bins 10 and 12. 
This is because at 6 dB down from 3 dB they are 
nearly equal to zero. 


Plot 12 uses the sum of the signals for plots 8 and 10 as 


inputs. Note that the component at period NT/II 
is almost hidden. 


Plot 13 uses the same signal as plot 12 but applies win- 


dowing. Now the period component at NT/ll 
can 


easily be seen. The Hanning window works well in 
this case to separate the signal from the leakage. If 
the signals were closer together the Hanning win- 
dow may not have worked and another window 
may have been needed. 


+ 


t************************************ 
•••• *************.***.************************ 
I 


1********* 
••• ***•• ******* ••• 
! 
+ 
!******••*******. 
!+ 
~*****•• *•• ** 
I 
+ 
~*•• ***•• * 
I 
+ 
!******** 
! 
+ 
~*••*.*. 
! 
+ 
!****** 
! 
+ 
~***** 
! 
+ 
~***** 
I 
+!..... 
! 
+I•.-.*. 
I 
+!+**** 
I 
+!.... 
! 
+I.•.**** 
I 
+ 
!***. 
! 
• 


+I.***•••************************* 
•• ******************************************* 
! 
+ 
~*********.******************.************************--*- 
! 
+ 
t.*************************************** 
••******. 
I 
+I 
+******************************************* 
! 
+I 
+*************************************** 
! 
+ 
!************************************ 
I 
+ 
!********************************* 
I 
+I 
••• ***************************** 
! 
+I 
+***************************** 
!+ 


~**.************************* 
I 
+ 
!*************************** 
! 
+ 


!************************** 
I 
+ 
!************************* 
!+I 
.********************* 
••** 
! 
+ 
!.**************.******** 
! 
+ 
!********* •••************ 
! 


+************ 
6 105 dB 


~*****************r*:******************************************** 
32.203 
dB 


~*****************r*************************************** 
28.678 
dB 


~*****************r*************************** 
22.690 
dB 


t*****************r************************ 
20.760 
dB 


~*****************r******************* 
18.308 
dB 


l*****************'r**************** 
16.990 
dB 


1*****************·,************* 
15.460 
dB 


!*****************'~*********** 
14.476 
dB 


l*****************'r********* 
13.398 
dB 


l*****************'r******* 
12.620 
dB 
! 
t*****************·:****** 
11.795 
dB 


t*****************··**** 
11.175 
dB 
+*****************._*** 
10.507 
dB 
!.*****************·r** 
10.000 
dB 


1*****************~"* 
9.464 
dB 


1*****************,. 
9.039 
dB 


1***************** 
8.616 
dB 
! 
+***************** 
8.281 
dB 


1**************** 
1.916 dB 


!*************** 
1.628 
dB 


1*************** 
1.347 
dB 
I 
.************** 
7.121 
dB 


1************** 
6.889 
dB 
J+************* 
6.706 
dB 


1************* 
6.542 
dB 
I 
.************* 
6.409 
dB 
!+************* 
6.265 dB 
J 
+************ 
6.191 dB 


1************ 
6.094 
dB 
! 
+************ 
6.082 
dB 
l*******~**** 
6.031 
dB 
! 
• 


inter 


+! 
+!+!+! 
+I 
+I 
+ 
~**************.**.****.***.*****.*****.**** 
••**•••• ***.***************** 
I 
+! 
+! 
+I 
+I 
+! 
+! 
+I 
+I 
+I+! 
+I 
••! 
+I 
••!+! 
+I 
+I 
+I 
+I 
+I 
+I 
+I 
+I 
+I 


inter 


+I 
+ 
1 
+ 
1 
+I 
+I+ 
~*****************.****.*****.*.************.**** 
24.078 
dB 


~***********.*****i******************.*******.' 
•• *.*********. 


~*****************.*****.***********.****.******. 
24.078 
dB 
I 
+ 
1+I 
+ 
1 
+ 
1 
+ 
1 
+ 
1 
+ 
1 
+ 
1 
+I 
+I 
+! 
+I 
+I 
+! 
+I 
+! 
+I 
+! 
+I 
+I 
+I 
+I 
+I 


.************************..... 
14.265 
dB 


~•••• ************* ••*** •••***. 
14.444 
dB 
~*.**.****** ••****.****.****.** 
14.943 
dB 


!**.**************.***.**.****... 
15.865 
dB 


!••*.*.********* •••• ***.*.*****.**.* 
17.308 
dB 


!****.**********.*.******.****.* 
••*****. 
19.569 
dB 


!***.**.*********.******* 
••****.* ••*.** ••*.*••• * 
23.421 
dB 


!****** ••********.******* ••***.**.***********.***.*** 
••••••••••• *. 


~*********** ••***.******.**.** 
•••****.*************************** 


~***********.*****.**** 
••• ****.* ••******.**.* 
22.012 
dB 


!******************.*************** 
17.199 
dB 


~**************** 
••*.**.***** 
13.943 
dB 
~**********.*.********.* 
11.472 
dB 
~**********.*** 
••**. 
9.483 
dB 
~**.*.*.***.**... 
7.819 
dB 


~******.***... 
6.402 
dB 


~********** 
5.164 
dB 
~******** 
4.090 
dB 
~****** 
3.152 
dB 
~***** 
2.30B 
dB 
I+*** 
1.546 
dB 
I+** 
0.901 
dB 
!+* 
0.300 
dB 
I+! 
+! 
+! 
+! 
+! 
+I 
+I 
+I 
+I 


32.441 
dB 
31. 971 dB 


intJ 


+ 
1 
+! 
+ 
1 
+ 
1 
+I 
+ 
!******************,********** 
14 
706 
dB 


~•• ****************r* 
•• **************:**************** 
•••• 


~****•• **********.*r.***********.************************* 


~*****.***********.r********** 
14.694 
dB 
I 
••I 
+ 
1 
+I 
••! 
+! 
+I 
+! 
+! 
+! 
+! 
+I 
+! 
+! 
+! 
+!+! 
+ 
1 
+ 
1 
+! 
+I 
+! 
+! 


28.671 
dB 


28.678 
dB 


• 


inter 


+*****.**************** 
11.242 
dB 
~•• **•• **.**.*.****.**.. 
11.417 
dB 


~.*.*****.*******.******* 
11.936 
dB 


~*.****.*****************.* 
12.846 
dB 
!.. 
*** •• ****** •• ************** 
14.296 
dB 


~.*****************.**********.*** 
16.561 
dB 
i*-.--._._----------_._._--_._._-----_._-- 
20.409 
dB 


~********************* 
••******** •• ********** ••*****.* •• *** •• 
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Converting applications that use an 8X9X-90 to use an 
8X9XBH requires considen tion of a few of the BH 
enhancements. Descriptions of each of the differences 
between the -90 and the BH bilow, along with a discus- 
sion of the implications of tl e change. 


BHE and INST are latched: The bus control signals 
BHE and INST are valid th 'oughout the bus cycle on 
8X9XBH devices. ON -90 devices, these signals need to 
be latched on the falling edg: of ALE. 


Byte Read following RESE'[' rising: The bus control 
and buswidth options of 8X~/XBH devices are selected 
by configuration of the chip immediately following the 
rising edge of RESET. DUrillg the usual 10 state reset 
sequence, BH parts will perferm a byte read of location 
2018H to acquire configura~ion information prior to 
fetching the first opcode at lccation 2080H. The 8X9X- 
90 does not perform this rea,I. 


ALE is high while in reset: ~'he ALE/ ADV pin of the 
8X9XBH is driven high while the RESET pin is held 
low. On -90 devices, ALE i! driven low while in RE- 
SET. Circuits which rely 
OJ 
the state of ALE while 
RESET is low must be mo ;lified. The reset state of 
ALE was changed to enab e implementation 
of the 
Chip Configuration Byte reId from external memory 
following the rising edge of ItESET. 


EA is latched on RESET ris ng: The 8X9XBH latches 
the value of EA on the rising edge of RESET. On -90 
devices, EA was not latche;l and could be changed 
without placing the part in .rnSET. This change was 
necessary to enhance ROM/EPROM 
security. Circuits 
that rely on EA not being lalched must be modified. 


AID speed increased: The 8X95BH and 8X97BH AID 
converters complete conversi)n in 88 state times. On - 
90 devices with AID convertc rs, a conversion takes 168 
state times. This translates ill an increased conversion 
speed from 42/Ls on -90 paJts to 22/Ls on BH parts 
running at 12MHz. Software that relies upon the speed 
of conversion for timing ml st be changed. It is also 
recommended that MCS-96 s'lftware be written so as to 
not be impacted by further cI anges in AID conversion 
speed. 


Sample/Hold 
on A/D: 
The 8X95BH and 8X97BH 
have a samplelhold on the in JUtof the AID converter. 
8X9X-90 devices with AID 
converters do not have 
samplelhold circuitry. Exten al analog circuitry which 
also includes a samplelhold must provide a settled ana- 
log input within the first fou - state times of 8X9XBH 
conversion. 


Duplicate Fetches: The 8X9 XBH bus controller was 
made more aggressive when it comes to instruction 
fetches in order to minimize tCleexecution speed degra- 


dation of using an 8-bit bus. As a result, instruction 
fetches over a 16-bit bus sometimes occur when there is 
no space in the prefetch queue to store the fetched op- 
codes. This requires another instruction fetch from the 
same address when space in the prefetch queue opens 
up. 


To the external system, these occurrences appear as du- 
plicate instruction fetches. An estimated 10 percent of 
all instruction fetches will be "duplicates", while over- 
all bus loading will be approximately 65 to 70 percent, 
compared to an 8X9X-90 bus loading of approximately 
55 to 60 percent. Execution speed is not impacted by a 
duplicate fetch. 


Write Pulse Width: The 8X9XBH 
16-bit bus write 
pulse width is one Tosc longer than on the 8X9X-90, 
thus allowing slower memories and peripherals to be 
used. In order to widen the WR pulse width, the time 
between the end of WR and the next ALE was reduced 
by Tosc. Note that the signals WRL, WRH, and WR 
with an 8-bit bus are still the same width as on -90 
parts. 


Vpp Replaces VBB: Vpp is the programming pin for 
EPROM 
devices. Systems that have this connected 
through a capacitor to ANGND (required on 8X9X-90 
parts) do not need to change. ANGND must be held 
nominally at the same potential as VSS,and Vpp must 
NOT be connected to Vcc. High voltage must NEVER 
be placed on the Vpp pin of a ROM device. 


While there is almost no reason to do so, an application 
should not attempt to execute with the EA pin at logic 
zero and Vcc at 5.5 Voc on an 879XBH EPROM 
device. Additionally, the design should always begin 6 
the "out of RESET" code execution from the internal 
EPROM, immediately after the power-on sequence. 


Reserved location warning: Intel reserved addresses can 
not be used by applications which use 8X9XBH inter- 
nal ROM/EPROM. 
The data read from a reserved lo- 
cation is not guaranteed, and a write to any reserved 
location could cause unpredictable results. When at- 
tempting to program Intel Reserved addresses, the data 
must be OFFFFH 
to ensure a harmless result. 


Intel Reserved locations, when mapped to external 
memory, must be fllied with OFFFFH 
to ensure com- 
patibility with future parts. 


A positive transition on NMI: The 8X9XBH does not 
clear the Watchdog Timer. The 8X9X-90 does clear the 
WDT on a positive transition of NMI, and both part 
vector to external address OOOOH. 


The following is the latest information on upgrading a 
NMOS 8096 to a CHMOS 8OC196. 
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designated the 8OC196.The part can be configured to 
be pin compatible with the 8096, but because of the 
process change and other enhancements, it may not be 
plug compatible in some designs. This is to say that you 
will not be able to arbitrarily swap out a NMOS 8096 
and replace it with the 8OC196.However, ifa few rules 
are followed the changes required will be almost pain- 
less. 


First, some background on the 8OC196 is needed. The 
opcode set is a true superset of the 8096, but some en- 
hancements have been made to the peripherals and tim- 
ings. The crystal is divided by 2 on the 8OC196,instead 
of 3, as on the 8096. This means that the 8OC196run- 
ning at 8 MHz will have a 250 ns state time, Just like an 
8096 running at 12 MHz. 


An 8OC196running at 8 MHz will emulate an 8096 at 
12 MHz except that some of the instructions and pe- 
ripherals will operate faster. The instructions which 
will be speeded up include mul, div, interrupt, call, ret, 
and jumps. The serial port will require a different baud 
value and the A to D may not run at exactly the same 
speed. This means that timing loops which measure in- 
struction speed or A to D completion speed may have 
to be modified. The bus timings, while not nanosecond 
for nanosecond compatible, will work in most systems. 


1. Do not use undefined register areas for storage or 
depend on them to return a specific value if it is not 
stated in the Embedded Controller. Undefined regis- 
ters and locations on this, or any other, part should 
be considered off-limits and reserved for develop- 
ment systems, testing or future use. 


2. Do not base timings loops on instruction execution 
times, as some instructions may execute faster on the 
8OC196 than on the 8096, even when the 8OCl96 is 
slowed down to 8 MHz, its 8096 compatible rate. 
Counter-type loops should be initialized with values 
that can easily be changed at compile time. 


.....~.., 
•.•."'•. "'..•...••.. 
""' 
•.•.•.•. 
""' 
..•..•.•.•..•....•.•..•..•. 
b..•"'.••.•..•.•.•.•....•..•. 
_y 
•..•.•......y .•........... 
_..., 


A to D completions, flag settings, etc. This is for the 
same reason as above; some of these responses may 
be slightly different from those on the 8096. Timer 1 
is provided for critical timings. With an 8 MHz crys- 
tal, it will increment every 2 microseconds, just as an 
8096 running at 12 MHz. 


4. The serial port baud register values should be easily 


changeable at compile time. Since the serial port is 
now capable of running at a higher frequency, a dif- 
ferent baud rate value will be needed. 


5. The circuitry interfacing to the chip should be capa- 


ble of interfacing to the 80C196. The I/O lines on 
8OCl96 will look a lot like those on the 8OC51. 


6. The BHEIWRH 
signal in eight bit and write strobe 


mode will go low for odd byte transfers and high for 
even byte transfers. The WR/WRL 
signal will go 


low for odd byte transfers and high for even byte 
transfers. Normally, the WR/WRL 
signal should go 


low for odd and even byte transfers since transfers 
are on the low byte of the data bus. 


7. PUSH and POP operations addressed relative to the 


stack pointer work differently on the 8OC196than on 
the 8096. On the 8096, the address is calculated 
based on the un-updated stack pointer value, on the 
8OCl96, the address is calculated based on the up- 
dated value. The only operations effected are: PUSH 
xx[sp], PUSH 
[sp], PUSH sp, POP xx[sp], POP 


[sp], POP sp. 


8. The VpD pin on the 8X9X parts is now the CDE 


(Clock Detect Enable) pin on the 8OC196.When tied 
high, CDE enables a clock speed sensor and will re- 
set the part if the Xtall frequency drops below a few 
hundred KHz. While this is perfect for most produc- 
tion ooards, it may be desirable to have a jumper 
option on this function for evaluation boards. 
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This Application Brief presents two examples of a pag- 
ing scheme for the 8096, allowing either 256K bytes of 
total memory, or 544K byles of total memory. Both 
systems utilize PORT! as tl e output for the upper ad- 
dress lines. Because Interrup l vectors, and other critical 
sections of code must always be present, addresses 
0-7FFFH 
always refer to 
he same main page. The 


PORT! 
upper addresses o:l1y affect addresses 8000- 


FFFFH, by slapping several 32K pages in and out. 


The hardware for the 256K system (see Figures 4 & 5, 
an example with l28K ROB and l28K RAM) utilizes 
a 74LSl57 quad 2 to 1 multiplexer. The enable pin of 
the 74LSl57 is tied to the inverted Al5 signal, which is 
the latched addr/data 
15 (ADI5) signal from the 96. In 


this way, when Al5 is low, Ihe 74LS157 is disabled and 
all its outputs are low. Pmicularly, 
MAl7 
is low, 


which selects the 27512 anI deselects the rams. Also, 
MA15 and MAl6 are low which guarantee that ad- 
dresses 0-7FFFH of the 27~12 are accessed. 


When A15 is high, the 7· LS157 is enabled to pass 
MAl5 
- MAl7 
values. T1e bank select pin of the 


74LSl57 is connected to the' INST pin of the 96. When 
the INST pin is high, for a code access, INSTAl5 
- 


INSTA17 
(PORTI.O 
- PORT1.2) 
are used. When 


INST is low, for a data r,:ad or write, DATAA15 - 
DATAAl7 
(pORT1.3 - PORT 1.5) are used. This al- 


lows for the use of separa1e pages for code and data 
without having to change t 1e upper address lines each 
time. Also, it is possible to select a ROM page for a 
data table, or load a RAM page with executable code 
downloaded 
from 
anothfr 
source. 
PORT1.6 
and 


PORT1.7 can still be used as I/O ports. If a -90 part 
were used, the INST pin weuld need to be latched since 
it is only valid during the address output on the bus 
pins. 


This system was designed t) get the maximum amount 
of memory with a minimUIl amount of hardware. The 
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amount of ROM and RAM was picked arbitrarily, and 
could be reconfigured in various ways, however, this 
may require slight modifications or additions to the de- 
coder circuitry. This setup has a main page at addresses 
0-7FFFH, 
and upper pages 1-7 at addresses 8000- 


FFFFH. 
Note that upper page 0 is the same as the 


main page. The WRL and WRH feature of the BH part 
was used to allow for byte writes to RAM. If the -90 
part were to be used, additional logic would be neces- 
sary to generate these signals from WR and BHE. 


The RAM chips utilized were NEe uPD43256-l5 32K 
x 8 static rams with an access time of l50ns. The 
ROMs were Intel 27512 64K x 8 EPROMs with an 
access time of 200ns. The decoder circuitry used was 
entirely LS TTL. Using an 8097BH running at lOMHz, 
there was ample time for address decoding and memory 
access. Timing analysis showed that l2MHz operation 
would also be accommodated easily. If slower memo- 
ries are used, further analysis would be necessary. Also, 
it would be possible to switch to S TTL to greatly de- 
crease the decoding response time. 


When using this system there are several things to keep 
in mind when preparing the software. 


Since ASM96 
will only 
allow 
addresses 
from 
0- 


FFFFH, it is necessary to generate each page of code in 
a separate file. These pages should not be linked togeth- 
er, but rather should each be used to program the prop- 
er section of the EPROM associated with that page. 
The main page routine should be coded with addresses 
from 0-7FFFH, and each of the upper pages should be 
coded with addresses from 8000-FFFH. Because link- 6 
ing is not possible, each module should contain a table 
of constants which defines the symbols used in other 
modules. These values are easily obtained from the list- 
ing file, which can be created using zeros in the table 
the first time. The addresses of the pages in a 27512 
after splitting low and high bytes into 2 EPROMs are 
shown in Figure 1. 
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Figure 1. The Current 
System 
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All changes to the upper 
instruction 
addresses of 
PORT! 
must be made by code located in the main 
page. A listing of subroutines for use in the main page, 
and a listing of macros for use in all pages is provided. 
By invoking one of these macros the programmer can 
easily transfer from one page to another, or select a new 
data page. The subroutines should not be called direct- 
ly, they should be entered by using the appropriate 
macro. The subroutines should be located at the ad- 
dresses 
specified, 
otherwise 
the 
macros 
must 
be 
changed as they are written to call an absolute address 
in the main page. Also, any hardware changes may ren- 
der the software inoperative. 


Because the WRL-WRH feature of the 96BH is used, 
the correct Chip Configuration Register value of OFBH 
must be loaded into the ROMs at address 2018H. This 
is done in the main code file with the following state- 
ments: 


CCR: DCB OFBH 
;VALUE FOR CHIP 
CONFIGURATION 
REGISTER 


Finally, it is necessary to initialize the DATA address 
at the start of the program this can be done using the 
NEW _DATA-PAGE 
MACRO. 


The hardware for the 544K system (see Figures 6 & 7, 
an example with 288K ROM and 256K RAM) has 
some slight changes from the 256K system. 


First, all pins of PORT 1are now in use as address lines. 
This allows for PORTI to select 16 pages of memory, 
with a different address for instructions or data. 
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Second, 27128 16K x 8 EPROMS have been added for 
use as the main code page. In this system, the main 
page is physically separate from upper page O. The 
27128's are selected by AI5 being low. The upper pages 
of memory are selected when Al5 is high which enables 
the 74LS155 demultiplexer which is used for address 
decoding. When the 74LSl55 is disabled, its outputs 
are all high, which disables all upper memories. The 
74LSl57 is enabled all the time, to speed up address 
decoding, as its outputs 
do not matter 
when the 
74LS155 is disabled. 


All rules for the 256K system apply to the 544K sys- 
tem, except that the main page no longer overlaps page 
O.However, because all of PORT I is now in use, differ- 
ent macros and subroutines must now be used. These 
have been included also. 


The instruction pin has been verified to work correctly 
on the 8X9X- 90, 8X9XBH, and the 8OC196.The func- 
tionality of the INST pin is as follows. 


The INST pin is high during an external memory read 
indicating the read is an instruction fetch. This includes 
immediate data reads since the data is embedded in the 
code. 


The INST is low during an external memory read or 
write indicating the bus cycle is a data cycle. This 
would be indirect and indexed instructions which are 
directed at external memory. 
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Figure 3. The 544K Memory 
Map 
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Pl.7 


P2.0ITXO 
EA 
P2.I/RXO 
BUSWOTH 
P2.2/EXI 
INST 
P2.31T2C 
Rli 
P2.4/T2R 
BHEI WRH 
P2.S/PWM 
REROY 
P2.6 
WRI WRL 
P2.7 
RLE! ROV 


HSO.0 
P4.7/B15 
HSO. I 
P4.6/B14 
HSO.2 
P4.5/B13 
HSO.3 
P4.4/B12 
HSO.5/13 
P4.3/BII 
HSO.4/12 
P4.2/B10 
HSI. I 
P4.I/B9 
HSI. 0 
P4.0/B8 
P3.7/B7 
NMI 
P3.6/B6 
P3.S/BS 
RESET 
P3.4/B4 
P3.3/B3 
CLI<OUT 
P3.2/B2 


XTRLI 
P3.I/BI 
XTAL2 
P3.0/B0 


8X97BH 


G 
A/B 


Aol5 
I 
~E U3 
Aol4 
II 


AOl3 
A00 
3 
2 
MA0 
Aol2 
00 
00 
AoII 
AOI 
4 
01 
01 
S 
MAl 


Aol0 
R02 
7 
02 
02 
6 
MA2 


A09 
A03 
8 
03 
03 
9 
MA3 


R08 
A04 
13 
04 
04 
12 MA4 


A07 
ADS 
14 
05 
OS 
15 MA5 


R06 
A06 
17 
06 
06 
16 MA6 


A05 
A07 
18 
07 
07 
19 MA7 


A04 
A03 
A02 
I 
Aol 
~E U4 
R00 
II 


A08 
3 
00 
00 
2 
MA8 
A09 
4 
S 
MA9 
Aol0 
7 
01 
01 
6 
MAI0 
AoII 
8 
02 
02 
9 
MAIl 
03 
03 
Aol2 
13 
04 
04 
12 MAI2 
Aol3 
14 
IS MAI3 
Rol4 
17 
OS 
OS 
16 MRI4 
Rol5 
IB 
06 
06 
19 AIS 
07 
.07 


74LS373 


270522-1 


NOTE: 
All other 
connections 
should 
be made as specified 
in current 
Embedded 
Controller 
Handbook. 


inter 
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MR7 
4 
RS 
03 
15 RD3 
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RI0 


MR13 
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20 MR17 


MR16 
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RIS 


270522-2 


MRI 
10 
MR2 
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R0 
32K,8 


MR3 
8 
RI 
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11 RD0 


MR4 
7 
R2 
101 
12 RDI 


MRS 
6 
R3 
102 
13 RD2 


MR6 
5 
R4 
103 
IS RD3 


MR7 
4 
RS 
104 
16 RD4 


MR8 
3 
R6 
IDS 
17 RDS 


MR9 
25 
R7 
106 
18 RD6 


MRI0 24 
R8 
107 
19 RD7 


MRII 21 
R9 
U~' 


MRI2 23 
RI0 
IIRL 


MRI3 
2 
RII 
liE 
27 


MRI4 26 
RI2 
BE 
22 
R5 


MRIS 
I 
RI3 
L5 
20 
RRM01 
RI4 
uPD432S6 


270522-3 


MRI 
10 
MR2 
9 
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32K<8 


MR3 
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RI 
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MR4 
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12 RDI 


MRS 
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R3 
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13 RD2 


MR6 
5 
R4 
103 
15 RD3 


MR7 
4 
RS 
104 
16 RD4 


MR8 
3 
R6 
105 
17 RDS 


MR9 
25 
R7 
106 
18 RD6 


MRI0 24 
R8 
107 
19 RD7 


MRII 21 
R9 
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MRI2 23 
RI0 


MRI3 
2 
RII 
liE 


MRI4 26 
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BE 
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270522-4 
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RI 
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RD8 


MRS 
6 
R3 
01 J2 
RD9 


MR6 
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R4 
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MR7 
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RS 
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15 ROil 


MR8 
3 
R6 
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16 R0I2 


MR9 
25 
R7 
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17 RDI3 
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MRII 21 
R9 
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19 RDIS 


MRI223 
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MRI3 
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MRI4 26 
RI2 
BE 
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IT 
20 MRI7 


_MRI6 
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270522-5 


MRI 
10 
MR2 
9 
R0 32Kx8 


MR3 
8 
RI 
100 
II RD8 


MR4 
7 
R2 
101 
12 RD9 


MRS 
6 
R3 
102 
13 RDI0 


MR6 
5 
R4 
103 
15 ROil 


MR7 
4 
RS 
104 
16 RDI2 


MR8 
3 
R6 
IDS 
17 RDI3 


MR9 
25 
R7 
106 
18 RDI4 


MRI0 24 
R8 
107 
19 RDIS 


MRII 21 
R9 
U8 
MRI2 23 
RI0 


MRI3 
2 
RII 
liE 


MRI4 26 
RI2 
BE 


MRIS 
1 
RI3 
L5 
RI4 
uPD432S6 


MRI 
10 
MR2 
9 
MR3 
8 
MR4 
7 
MRS 
6 
MR6 
5 
MR7 
4 
MR8 
3 
MR9 
25 
MRI0 24 
MRII 21 
MRI2 23 
MRI3 
2 
MRI4 26 
MRIS 
I 


R0 32Kx8 
RI 
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R2 
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R3 
102 
R4 
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RS 
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IDS 
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R9 U 10 
RI0 
Rll 
RI2 
RI3 
RI4 
uPD432S6 


II RD8 
12 RD9 
13 RDI0 
IS ROil 
16 RDI2 
17 RDI3 
18 RDI4 
19 RDIS 


WE 
27 
BE 
22 
L5 
20 • 


intJ 


;MACROS FOR 256K 
SYSTEM 


;LONG_BRANCH 
IS INVOKED 
TO BRANCH 
FROM 
ONE PAGE 
TO ANOTHER. 
;ADDRESS MUST 
HAVE A VALUE 
FROM 
8000H 
TO FFFFH. 
;NEW_PAGE 
CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FFOH 
;BRANCH TO I_P_BRANCH 


;LONG_CALL 
IS INVOKED 
TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 
;ADDRESS MUST 
HAVE A VALUE 
FROM 
8000H 
TO FFFFH. 
;NEW_PAGE 
CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FCOH 
;CALL I_P_CALL 


;PUSH_OLD_DATAPAGE 
IS INVOKED 
TO INSTALL 
A NEW DATA PAGE 
AND 
SAVE 
;THE OLD VALUE 
ON THE SYSTEM 
STACK. 
;NEW_PAGE 
CAN BE·AN 
IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
ANDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, PORTl 
AX 
AL, NEW_PAGE 
AL, #OOOOOllIB 
AL, 
#3 
PORTI, 
#IIOOOIIIB 
PORTl, 
AL 


;GET OLD PAGE 
NUMBER ••• 
;STORE IT ON THE STACK 
;GET NEW DATA 
PAGE 
NUMBER ••• 
;MASK IT ••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 


;POP_OLD_DATAPAGE 
IS INVOKED 
TO REINSTALL 
AN OLD DATA 
PAGE 
THAT WAS 
SAVED 
;ON THE SYSTEM 
STACK BY PUSH_OLD_DATAPAGE. 


POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL, #OOllIOOOB 
PORTI, 
#IIOOOIIIB 
PORTI, 
AL 


;RECALL OLD PAGE 
NUMBER ••• 
;MASK OLD ONE FOR DATA 
PAGE ••• 
;CLEAR NEW DATA 
PAGE ••• 
;AND LOAD 
IN OLD ONE 


;NEW_DATA_PAGE 
IS INVOKED 
TO INSTALL 
A NEW DATA PAGE. 
;NEW_PAGE 
CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
ANDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, NEW_PAGE 
AL, #OOOOOlllB 
AL 
#3 
PORTI, 
#IIOOOIIIB 
PORTl, 
AL 


;GET NEW DATA 
PAGE 
NUMBER ••• 
;MASK IT ••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 


inter 


:SUBROUTINES 
FOR 
256K SYSTEM 


CSEG AT 7FCOH 


:SUBROUTINE: 
I_P_CALL 
THIS 
SUBROUTINE 
ALLOWS 
FOR 
THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 
A DIFFERENT 
PAGE 
OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


IDB 
FUSH 
.ANDB 
.ANDB 
CRB 
lUSH 
lR 


lOP 
J.NDB 
J.NDB 
(RB 
I.ET 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY 
THAT ARE REQUESTED. 


AL, 
PORTl 
AX 
PORTI, 
#IIIIIOOOB 
NEW_PAGE_NO, 
#OOOOOIIIB 
PORTI, 
NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORTI, 
#IIIIIOOOB 
AL, 
#OOOOOllIB 
PORTl, 
AL 


;GET OLD PAGE 
NUMBER ••• 


;STORE IT ON THE 
STACK 


;CLEAR OLD 
INST PAGE ••• 


;MASK NEW 
ONE ••• 
;AND LOAD 
IT IN 
;SAVE RETURN 
ADDRESS ••• 


;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE 
NUMBER ••• 
;CLEAR ~EW 
INST PAGE ••• 


;MASK OLD ONE ••• 
;AND LOAD 
IT IN 
;RETURN TO CALLING 
ROUTINE 


:SUBROUTINE: 
J_P_BRANCH 
THIS 
SUBROUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 
PAGE 
OF MEMORY. 


PARAMETJ:RS: 
SUBROUT::NES: 


ANDB 
ANDB 
ORB 
llR 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORTI, 
#IIIIIOOOB 
NEW_PAGE_NO 
#OOOOOIIIB 
PORTI, 
NEW_PAGE_NO 
[CODE_ADDRESS] 


;CLEAR OLD 
INST PAGE ••• 
;MASK NEW 
ONE ••• 
;AND LOAD 
IT IN 
;BRANCH TO REQUESTED • 


inter 
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11 FIll 
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121111 
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13 RI2 
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07 
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NOTE: 
All other 
connections 
should 
be made as specified 
in current 
Embedded 
Controller 
Handbook. 


Figure 
6. 288K ROM + 256K RAM Memory 
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:MACROS FOR 544K SYSTEM 


:LONG_BRANCH 
IS INVOKED TO BRANCH FROM ONE PAGE TO ANOTHER. 
:ADDRESS MUST HAVE A VALUE FROM 8000H 
TO FFFFH. 
:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
:SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
:SET UP NEW_PAGE_NO 
REGISTER 
7FFOH 
:BRANCH TO I_P_BRANCH 


LONG_CALL 
IS INVOKED TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 
:ADDRESS MUST HAVE A VALUE FROM 8000H TO FFFFH. 
:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
:SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
:SET UP NEW_PAGE_NO 
REGISTER 
7FCOH 
;CALL I_P_CALL 


;PUSH_OLD_DATAPAGE 
IS INVOKED TO INSTALL A NEW DATA PAGE AND SAVE THE OLD 
;VALUE ON THE SYSTEM 
STACK. 
:NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, PORTl 
AX 
AL, NEW_PAGE 
AL, #4 
PORT1, 
#OOOOllllB 
PORTl, AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;GET NEW DATA PAGE NUMBER: •• 
:SHIFT IT TO PROPER POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD IN NEW ONE 


;POP_OLD_DATAPAGE 
IS INVOKED 
TO REINSTALL 
AN OLD DATA PAGE THAT WAS SAVED 
:ON THE SYSTEM STACK BY PUSH_OLD_DATAPAGE. 


-POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL, #llllOOOOB 
PORT1, 
#OOOOllllB 
PORTl, AL 


;RECALL OLD PAGE NUMBER ••• 
;MASK OLD ONE FOR DATA PAGE ••• 
;CLEAR NEW DATA PAGE ••• 
;AND LOAD IN OLD ONE 


;NEW_DATA_PAGE 
IS INVOKED TO INSTALL A NEW DATA PAGE. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, NEW_PAGE 
AL, 
#4 
PORT1, 
#OOOOllllB 
PORTl, AL 


;GET NEW DATA PAGE NUMBER ••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD IN NEW ONE 


inter 


;SUBROUTINES 
FOR 
544K SYSTEM 


CSEG AT 7FCOH 


;SUBROUTINE: 
I_P_CALL 
THIS SUBROUTINE 
ALLOWS 
FOR THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 


A DIFFERENT 
PAGE OF MEMORY. 


PARAMETERS: 
SUBROUT!l'ES : 


LOB 
FLJSH 
ANDB 
ANDB 
ORB 
FLJSH 
ER 


FOP 
ANDB 
ANDB 
eRB 
FET 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY THAT ARE REQUESTED. 


AL, PORTl 
AX 
PORT1, 
#11110000B 
NEW_PAGE_NO, 
#OOOOllllB 
PORT1, 
NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORT1, 
#11110000B 
AL, #OOOOl1l1B 
PORTl, 
AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
;SAVE RETURN 
ADDRESS ••• 


;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE NUMBER ••• 
;CLEAR NEW INST PAGE ••• 
:MASK OLD ONE ••• 
;AND LOAD 
IT IN 


;RETURN TO CALLING 
ROUTINE 


;SUBROUTINE: 
l_P_BRANCH 
THIS 
SUBFOUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 


PAGE 
OF UMORY. 


PARAMETEFS: 
SUBROUTH 
ES : 


1NDB 
1NDB 
(RB 
FR 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORT1, 
#11110000B 
NEW_PAGE_NO, 
#OOOOllllB 
PORT1, 
NEW_PAGE_NO 
[CODE_ADDRESS] 


;CLEAR" OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
" 


;BRANCH TO REQUESTED 
ROUTINE • 
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This Application Brief presents an example of calculat- 
ing the square root of a 32-bit signed integer. 


Newton showed that the square root can be calculated 
by repeating the approximation: 


Xnew = (R/Xold + Xold)/2 ; Xold = Xnew 


where: R is the radicand 
Xold is the current 
approximation 
of the 
square root 
Xnew is the new approximation 


until you get an answer you like. A common technique 
for deciding whether or not you like the answer is to 
loop on the approximation until Xnew stops changing. 
If you are dealing with real (floating point) numbers 
this technique can sometimes get you in trouble because 
it's possible to hang up in the loop with Xnew alternat- 
ing between two values. This is not the case with inte- 
gers. As an example of how it all works, consider taking 
the square root of 37 with an initial guess (Xold) of I: 


Note that in integer arithmetic the remainder of a divi- 
sion is ignored and the square root of a number is 
floored (Le. the square root is the largest integer which, 
when multiplied by itself, is less than or equal to the 
radicand). 


The only significant problem 
in implementing 
the 


square root calculation using this algorithm is that the 
division of R by Xold could easily be a 32 by 32 divide 
if R is a 32 bit integer. This is ok if you happen to have 
a 32 by 32 divide instruction, but most 16-bit machines 
(including the 8096) only provide a 32 by 16 divide. 
However, a little bit of creative laziness will allow us to 
squeeze by using the 32 by 16 bit divide on the 8096. 


The largest positive integer you can represent with a 
32-bit two's 
complement 
number 
is 07fff$ffiJh, or 


2,147,483,647. The 
square 
root 
of this 
number 
is 


Ob504h, or 46,340. The largest square root that we can 
generate from a 32-bit radicand can be represented in 
16-bits. If we are careful in picking our initial Xold we 
can do all of the divisions with the 32 by 16 divide 
instruction we have available. Picking the largest possi- 
ble 16-bit number (0ffiTh)will always work although it 
may slow the calculation down by requiring too many 
iterations to arrive at the correct result. The algorithm 
below takes a slightly more intelligent approach. It uses 
the normalize instruction to figure out how many lead- 
ing zeros the 32-bit radicand has and picks an initial 
Xold based on this information. If there are 16 or more 
leading zeros then the radicand is less than 16bits so an 
initial Xold of Oflh is chosen. If the radicand is more 
than 16 bits then the initial Xold is calculated by shift- 
ing the value 0ffiThby half as many places as there were 
leading zeros in the radicand. To give credit where 
credit is due, I first saw this 'trick" in the January 1986 
issue of Dr. Dobbs's Journal in a letter from Michael 
Barr of McGill University. 


The routine was timed in a 12.0 Mhz 8096 as it calcu- 
lated the square roots of all positive 32-bit numbers, the 
following numbers include the CALL and return se- 
quence and were measured using Timer I of the 8096. 


The program module which follows is part of a collec- 
tion of routines which perform integer and real arith- 
metic on a software implemented tagged stack. The top 
element of the stack is call TOS and is in fixed locations 
in the register me. Since the square root operation only 
involves TOS, further details of the stack structure are 
not shown. 


MCS-96 MACRO ASSEMBLER 
SQRT 
05/12/86 10:44:30 PAGE 
1 
DOS MCS-96 MACRO ASSEMB~;R. Vl.l 
SOURCE FILE: ROOT2.A96 
OBJECT FILE: ROOT2.0BJ 
CONTROLS SPECIFIED IN IN-'OCATIONCOI!IIAND:NOSB 
ERR LOC OBJECT 
LI:IE 
SOURCE STATEMENT 
1 
2 
sqrt module 
3 
4 
: 32 bit integer square root tor the 8096 
5 
6 
publie qstk_isqrt 
TOP+- 
SQUARE_ROOT(TOP) 
7 
extrn 
interr:entry 
Integer 
error 
routine 
8 
9 
id stags 
tor 
stack 
integer 
routines 
0019 
LO 
isqrt_id 
equ 
19h 
II 
l2 
; error 
codes 
l3 
0000 
l4 
overflow 
equ 
OOh 
0001 
L5 
paramerr 
equ 
Olh 
0002 
L6 
invalid_input 
equ 
02h 


L7 
OOlC 
L8 
oseg at leh 


L9 
OOlC 
20 
ax: 
dsw 1 
OOlC 
21 
al equ ax:byte 
0010 
22 
ah equ (ax+l):byte 
OOlE 
23 
dx: 
dsw 1 
0020 
24 
ex: 
dsw 1 
0022 
25 
bx: 
dsw 1 
0018 
26 
sp 
equ l8h :word 


27 


28 
0030 
29 
oseg at 30h 
30 
====--== 
0030 
31 
qstk_reg: 
0030 
32 
dsl 
1 
m~ke sure at alignment 
0030 
33 
next 
equ qstk_reg:word 
pointer 
to next 
element 
1n the 
arg 
stack. 


0032 
34 
tos_tag equ (qstk_reg+2):word 
0034 
35 
tos_value: 
0034 
36 
dsl 
1 
32 bit integer 
37 
0000 
38 
eseg 


39 
40 
bl 
macro 
param 
41 
bne 
param 
42 
endm 
43 
44 
bhe macro param 
45 
be 
param 
46 
endm 
47 
$ejeet 
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MCS-96 MACROASSEMBLERSQjlT 
05/12/86 
10:44:30 
PAGE 
2 
ERR LOC OBJECT 
LINE 
SOURCESTATEMENT 
0000 
48 
cseg 
49 
50 
0000 
51 
qstk_isqrt: 
52 
Takes 
the 
square 
root 
of the 
long 
integer 
in 
TOS 
53 
TOS--+Top of argUlllent 
stack 
54 
iTOS - 
iSQjlT(TOS) 
55 
0020 
56 
Xold 
set 
ex 
0000 A0341C 
57 
Id 
ax,tos_value 
0003 A0361E 
58 
Id 
dx, (tos_ value+2) 
0006 371F07 
59 
bbc 
(dx+1) ,7,qsi05 
; if 
(TOS < 0) 
0009 C90119 
60 
push 
#(isqrt_id'256+paramerr) 
OOOCEFOOOO 
E 
61 
call 
lnterr 
Call 
lnterr. 
OOOFFO 
62 
ret 
Exit 
0010 
63 
qsi05: 
0010 OF221C 
64 
normal 
axt 
bx 
0013 DF3B 
65 
be 
qstk_isqrtO 
0015 991022 
66 
cmpb 
bx,#16 
it 
(TOS < 2"16) 
0018 DA06 
67 
ble 
qsilO 
OOIAAlFF0020 
68 
Id 
Xold, 
#Offh 
Use Offh 
as 
first 
estimate. 
OOIE 200A 
69 
br 
qstk_isqrtloop 
0020 
70 
qsilO: 
0020 180122 
71 
shrb 
bX,#l 
else 
0023 AIFFFF20 
72 
Id 
Xold, 
#Offffh 
Base the 
first 
estimate 
on the 


0027 082220 
73 
shr 
Xold, 
bx 
nUlllber of 
leading 
zeroes 
in 
TOS. 


002A 
74 
qstk_isqrtloop; 
002A A0341C 
75 
Id 
ax,tos_value 
do 
002D A0361E 
76 
Id 
dx, (tos_value+2) 
if 
(The divide 
will 
overflow) 
0030 88201E 
77 
cmp 
dX,Xold 
The loop 
is 
done. 
78 
bhe 
qstk_isqrt_done 
0035 8C201C 
80 
divu 
ax,Xold 
if 
( 
(ax=TOS/Xold) >= Xold) 
0038 88201C 
81 
cmp 
ax,Xold 
The loop 
is 
done. 
82 
bhe 
qstk_isqrt_done 
003D 0122 
84 
clr 
bx 
Xold=(ax+Xoldl/2 
003F 641C20 
85 
add 
Xold,ax 
0042 A40022 
86 
addc 
bx,O 
0045 OC0120 
87 
shrl 
Xold,#l 
0048 27EO 
88 
br 
qstk_isqrtloop 
while 
(The loop 
is 
not 
donel 
004A 
89 
qstk_isqrt_done: 
004A A02034 
90 
Id 
tos_v81ue,Xold 
TOS=OO:Xold 
004D AOO036 
91 
Id 
(tos_value+2) 
,0 
0050 
92 
qstk_isqrtO: 
0050 FO 
93 
ret 
Exit 
0051 
94 
end 
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THE MCS®-96 
ANALOG 
ACQUISITION 
PRIMER 


As technology advances, embedded control applica- 
tions continue to reduce chip-count and demand micro- 
controllers with increased features to assist system-cost 
reduction. Since every embedded control application in- 
terfaces with the physical world, and the physical world 
is an analog process, it was inevitable that microcon- 
trollers would include integrated analog acquisition ca- 
pabilities. 


The fIrst such integration of standard microcontroller 
and AID converter occurred on Intel's 8022 in 1978. 
This opened the door to cost reduction of high volume 
applications that required analog inputs. The device fIt 
well into applications that needed processing of analog 
data. But this chip, with its 8-bit CPU, could not per- 
form in high-end applications requiring analog inputs, 
or in applications that had computationally demanding 
analog tasks. 


With the introduction of the MCSiI!l-96family of l6-bit 
microcontrollers in 1982, the combined CPU and AID 
performance became available to greatly reduce the sys- 
tem cost of mid- and high-performance embedded con- 
trol applications. These are applications which were 
customarily implemented with l6-bit microprocessor 
chip-sets teamed with analog acquisition chip sets. 


There are less obvious avenues for system cost reduc- 
tion when a l6-bit CPU is teamed with an on-chip ana- 
log acquisition system. For example, closed-loop servo 
control had been implemented almost exclusively by 
using analog methods. When an MCS-96 device is de- 
signed into such an application, it is not only replacing 
a microcontroller 
or microprocessor, but it also re- 
places closed-loop analog circuitry which never before 
came in contact with the digital system. 


To take full advantage of this new level of integration, 
digital designers must become familiar with analog ac- 
quisition, and analog designers must become familiar 


with digital methods of processing analog signals. This 
Application Note assists with the fIrst task-under- 
standing of an analog acquisition system. 


Designers experienced with analog design, or analog 
acquisition systems, may fInd no revelations herein. To 
those unfamiliar with analog acquisition systems, this 
Ap Note provides a tutorial on the subject and will 
serve as a handy reference. 


Answering the limitless number of analog circuit design 
questions is beyond the scope of this Ap Note. Suffice it 
to say that the effort placed on the design of analog 
circuits should increase with a decreasing error budget. 


At a minimum, the applications literature of op-amp 
manufacturers and analog design manuals are a good 
place to start. Furthermore, the applications literature 
of monolithic analog acquisition system manufacturers 
should be consulted since the suggestions presented 
therein are largely transportable to any AID system. 


This Ap Note is organized in the following sections. 
The components of an analog acquisition system and 
the errors associated with each is fIrst explained. Then, 
interfacing suggestions and ideas for getting more reso- 
lution 
are presented. 
Finally, 
a set of appendices 


provides back-up information, a bibliography, actual 
converter data and some program listings. 


The defInitions of terms used, and the examples pre- 
sented, are drawn from the body of applications litera- 
ture publicly available on the components of an analog 
acquisition system. There is usually no single meaning 
for a particular term or specifIcation used to describe 
analog acquisition. However, there is, in most cases, a 
generally accepted definition which is most often used. 
To the extent possible, we have adopted the most used 
defInition. To avoid any ambiguity, Appendix A lists 
the dictionary of terms as used to refer to the analog 
acquisition systems of MCS-96 devices. 


For any users of an MCS-96 analog acquisition system 
(experienced or not), this document contains very use- 
ful information. 
It should be considered mandatory 


reading in addition to the latest Embedded Controller 
Handbook and MCS-96 data sheet for the actual device 
in use prior to the actual design. 


WHAT 
IS AN ANALOG 
ACQUISITION 
SYSTEM? 


An analog acquisition systerr is a collection ofindividu- 
al units which, when logically configured, form a sys- 
tem capable of converting al analog input to a digital 
value. 


The typical components of a I Analog Acquisition Unit 
(Figure 
I) include 
an AIJalog-to-Digital 
Converter 
(AID), a Sample-and-Hold (SIH) and an Analog Mul- 
tiplexer (MUX). The AID CJnverts the infmitely vary- 
ing analog voltage present In the S/H into a digital 
representation for use by the digital system. The S/H is 
required so a "snapshot" 
0:' a changing analog input 
can be stored for conversion by the AID. The MUX is' 
used to leverage the investmcnt in the AID by allowing 
a large number of isolated al.alog input channels to use 
the same converter. 


The conversion result of an MCS-96 device is a to-bit 
ratiometric 
representation 
(f the input voltage. This 
produces a stair-stepped tr msfer function when the 
output 
code 
is plotted 
v,:rsus input 
voltage. 
See 
Figure 2. 


The resulting digital codes Cl n be taken as simple ratio- 
metric information, or they ::an be used to provide in- 
formation about absolute vilitages or relative voltage 
changes on the inputs. The more demanding the appli- 
cation is on the AID conveJter, the more important it 
is to fully understand 
the converter's operation. For 
simple applications, knowing the absolute error of the 
converter is sufficient. Ho\\ ever, controlling a closed 
loop with analog inputs necessitates a detailed under- 
standing of an AID convert,:r's operation and errors. 


The errors inherent in an llJ lalog-to-digital conversion 
process are many: quantiziJ g error; zero offset; full- 


scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. In addition, the S/H and MUX may induce 
channel dissimilarities and sampling error (described 
later). 


Fortunately, 
one "Absolute 
Error" 
specification 
is 
available which describes the sum total of all deviations 
between the actual conversion process and an ideal con- 
verter. The various sub-components of error are, how- 
ever, important in many applications. These error com- 
ponents are described in Appendix A and in the text 
below where ideal and actual converters are compared. 


There are at least three well-recognized methods for 
converting an analog voltage to a digital value-flash, 
dual slope and successive approximation. 


Flash A/Ds are the fastest, and most expensive con- 
verters for a given accuracy. Flash converters typically 
resolve bits of the result in parallel to achieve fast con- 
versions. Flash converter speeds are measured in tens- 
of-nanoseconds. 


Dual slope converters are the slowest, but most accu- 
rate. Dual slope conversion is rather insensitive to noise 
on the input, but conversion times are measured in 
milliseconds. 


Successive approximation 
converters 
provide a bal- 
anced tradeoff between speed and accuracy. Successive 
approximation conversion times are measured in tens- 
of-microseconds, and converter implementations 
are 
very economical for a given accuracy. 


• • 
• • 


ANALOG 
TO 
DIGITAL 
CONVERTER 
• 


fiRST 
CODE TRANSITION 
OCCURS 
WHEN THE APPLIED 
VOLTAGE IS 
EQUAL TO 1/2 
lSB. 


fiNAL 
CODE TRANSITION 
OCCURS 
WHEN THE APPLIED 
VOLTAGE IS 
EQUAL TO (Vrot 
- 
1 1/2 
(lSB». 


THE VOLTAGE CHANGE 
BETWEEN ADJACENT 
CODE 
TRANSITIONS (THE "CODE 
WIDTH") 
IS = 1 lSB. 


MCS-96 converters use successive approximation. 
A 
successive approximation conversion is performed by 
comparing a sequence of reference voltages to the ana- 
log input in a binary search for the reference voltage 
that most closely matches the input. The '/. full-scale 
reference voltages is the tested first. This corresponds 
to a IO-bit result where the most significant bit is zero, 
and all other bits are ones (0111 1111 lib). If the ana- 
log input is less than the test voltage, bit 10 of the result 
is left a zero, and a new test voltage of '/. full-scale 
(0011 1111 11b) is tried. If this test voltage is lower 
than the analog input, bit 9 of the result is set and bit 8 
is cleared for the next test (0101 1111 II b). This binary 
search continues until 10 tests have occurred, at which 
time the valid IO-bitconversion result resides in a regis- 
ter where it can be read by software. 


The voltages used during the binary search are generat- 
ed from an internal Digital-to-Analog Converter simi- 
lar to Figure 3. The figure shows eight resistors being 
used as a three-bit D to A. The first resistor tap is taken 
from the center of the first resistor to guarantee that a 
zero input voltage will always output a zero code. Each 
successive 
tap 
then 
provides 
a 
reference 
voltage 


VREF/8 
(one LSB) from the previous tap. When the 


analog input is above the voltage of the seventh tap, the 
AID will resolve to its full-scale value of 111b. There- 
fore, an eighth tap is not needed, and the AID's 1lOb to 
111b code transition will occur when VANIN 
equals 


VREF 
- 
1 '/. LSB. 


The first error seen in this process is unavoidable, and 
results from the conversion of a continuous voltage to 


an integer digital representation. This error is called 
quantizing error, and is always ±0.5 LSB. Quantizing 
error is the only error seen ill a perfect AID converter, 
and is obviously present in l.ctUai converters. Figure 2 
shows the transfer function for an ideal 3-bit AID con- 
verter (i.e. the Ideal Characteristic). 


Note that in Figure 2 the Id( al Characteristic possesses 
unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSll; it's full-scale code tran- 
sition occurs when the inpllt voltage equals the full- 
scale reference minus 1.5 LS B; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 


Figure 4 shows an Actual Cl aracteristic of a hypotheti- 
cal 3-bit converter which is lot perfect. When the Ideal 
Characteristic is overlaid wi-h the imperfect character- 
istic, the actual converter is !een to exhibit errors in the 
location of the first and fina code transitions and code 
widths. The deviation of tht first code transition from 
ideal is called "zero offset". The deviation of the final 
code transition from ideal is "full-scale error". 


The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non- Linearity is a locallineari- 
ty error measure, whereas Non-Linearity is an overall 
linearity error measure. For example, Figure 5a shows 
a transfer function with a large differential non-lineari- 
ty and a little non-linearity. 
In contrast, 
Figure 5b 
shows a characteristic with small differential errors but 
a large overall linearity error. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal width. Differential 
Non-Linearity gives the user a measure of how much 
the input voltage may have changed in order to pro- 
duce a one count change in the conversion result. 


If the absolute value of an input voltage is less impor- 
tant than the amount that the input changes, the differ- 
ential non-linearity (DNL) specification of a converter 
is very important. For example, if the differential non- 
linearity of a converter is less than ± 0.5 LSB, a one 
count change in the digital result means that the input 
• 
voltage changed at most 1.5 LSB (I LSB ideal ± 0.5 
LSB DNL). This is a much more accurate description 
t 
of the input voltage change than would be available if 
the differential non-linearity of the converter was not 
known. 


inter 
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Non-Linearity is the worst case deviation of code tran- 
sitions from the correspondi Ig code transitions of the 
Ideal Characteristic. 
Non- Linearity 
describes how 
much Differential Non-Linearities could add to pro- 
duce an overall maximum de:>arture from a linear char- 
acteristic. 


If 
the 
Differential 
Non-Linearity 
errors 
are 
large 
enough, it is possible for an AID converter to miss 
codes or exhibit non-monotollicity. Neither behavior is 
desirable in a closed-loop syltem. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is mono' onic if every subsequent 
code change represents an input voltage change in the 
same direction. 
Figure 
6a shows a converter 
with 
missed codes. Figure 6b shows a non-monotonic con- 
verter. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 
quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characteristic results when 
an Actual Characteristic is s:lifted and scaled to elimi- 
nate zero offset and full-sca1t error (see Figure 7). The 
Terminal Based Characterist c is similar to the Actual 
Characteristic that would be ;een if zero offset and full- 
scale error were externally tIimmed away. In practice, 
this is done by using input c rcuits which include gain 
and offset trimming. (See the Application Hints section 
for more details.) 


An often overlooked characteristic of AID converters 
is that code transitions do not really occur instanta- 
neously at some finite set of input voltages. Specific 
code transitions can be analyzed by doing repeated con- 
versions around the transition point using a high accu- 
racy input voltage. When this is done, we fmd that 
there is actually a range of voltages around code tran- 
sitions where both the lower and upper codes occur for 
repeated conversions on the same input voltage. 


Figure 8 shows this "repeatability" error. At the lower 
end of the region of repeatability error the lower code is 
most prevalent, but the upper code will occur in a small 
percentage of the conversion attempts. As the input 
voltage increases slightly, a point is reached where both 
lower and upper codes occur with 50 percent probabili- 
ty. As the input voltage moves slightly higher, the up- 
per code occurs most often with the lower code show- 
ing up in a small percentage of conversions. 


The repeatability error is due to the fundamental ability 
of the comparator in the AID to resolve very similar 
voltages. Random noise also contributes to repeatabili- 
ty errors. On MCS-96 devices, the width of the region 
of repeatability error has been found to be typically I 
mV to 1.25 mY. Since this error is specified, all other 
errors are specified assuming the code transitions occur 
at the voltage where adjacent codes are equally likely. 
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The eight channel multiplexer is implemented as a col- 
lection of eight MOS switches. Only one of eight can be 
closed at any instant in time. Figure I shows the multi- 
plexer with the switches acting as resistors when closed 
and as small parasitic capacitors when open. The input 
protection devices on the analog input pins are also 
considered a part of the multiplexer. 
• 


The resistance of a closed switch is typically lK to 2K 
ohms and the D.C. leakage due to the input protection 
is typically 3 microamps maximum. Both values de- 
pend upon the process used and day-to-day fabrication 
variations. The channel resistance and the D.C. leakage 
can also vary from channel-to-channel on the same de- 
vice. These variations can be seen in the conversion 
process and are described by the channel- to-channel 
matching specification. 


Channel-to-channel matching specifies the input volt- 
age differences induced by mismatched elements of the 
multiplexer. This error is quantified by measuring the 
difference between the input voltages necessary to cause 
the same code transition to occur through different 
multiplexer channels under identical test conditions. 


Matching errors are more complex than a simple volt- 
age offset between channels, and thus are difficult to 


externally cancel. Fortunately, 
multiplexer 
channels 
typically match to within one millivolt. 


A multiplexer that has the potential to short two inputs 
together is not very attractive. To keep this from hap- 
pening, the circuitry that selects the active channel is 
designed to guarantee that all channels are deselected 
before a new channel is selected. Thus, the multiplexer 
is said to be Break-Before-Make. 


In addition to Break-Before-Make channel selection, an 
analog multiplexer must be able to keep deselected 
channels isolated from the selected channel. As shown 
in Figure I, there are parasitic capacitances coupling 
every deselected channel to the multiplexer output. The 
quantification of coupling is called Off-Isolation. Off- 
isolation is the multiplexer's ability to attenuate signals 
on deselected channels. 
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The sample-and-hold of an .malog acquisition system 
can be built using an analog s Mtch and a sample capac- 
itor. As with the multiplexeJ', there is also a parasitic 
capacitance coupling the 
SVI itch input to the sample 
capacitor when the switch is open (Figure I). 


The resistance of the sample· and-hold switch combines 
with the series resistance of ;he multiplexer to impede 
the current necessary to ch~rge the sample capacitor. 
For example, with a 5K 0 un total input resistance 
from the pin to the 2 pf sample capacitor, the RC time 
constant is 10 nS (2 pf X 5}~ohms). 


During the one microsecond that the sample capacitor 
is connected to the input, 
,00 time constants elapse 
(I microsecond/IO nS). This means that the sample ca- 
pacitor is 100 percent of the voltage on the input pin 
(l-e -1(0), assuming a zero source impedance. 


If a source impedance of 2K ohms is assumed, the RC 
time constant of the sampli Ig process would be 14nS 
(7K ohms X 2 pt). Thus, "1.4 time constants would 
pass in one microsecond resdting in the sample capaci- 
tor being charged to withul 99.9 percent of its fmal 
value. Source impedances at ove 2K ohms would begin 
to degrade the conversion ac :uracy due to D.C. leakage 
(described later). 


Figure 9 shows the actual iJ.put voltage and the sam- 
pled voltage approaching d.e input voltage. Once the 
sample-and-hold switch clOles, the sample window be- 
gins. The sample window e {tends for four state times 
and ends with the sample-a Id-hold switch opening on 
MCS-96 devices (except S:(9X-90, which is S state 
times and has no sample-hoJd). Figure 9 also shows the 
sample delay, which is the Ilelay from the time a start 
conversion signal is generatlxl to the time a conversion 
process begins. 


It is important to understanll the uncertainties associat- 
ed with the timing of the sample-and-hold. Digital sig- 
nal processing algorithms n Iy upon the "spectral puri- 
ty" of the sampling proce >s. If the sample window 
jumps around with respect to the start conversion sig- 
nal, or if the start conversic n signal cannot be generat- 
ed at precise times, conseclltive samples of input data 
will not be equally spaced ill time (i.e. sampling will be 
spectrally impure). 


To improve the spectral purity of the sampling in digi- 
tal signal processing applications, sequential MCS-96 
start conversion signals can be generated with less than 
50 nanoseconds of jitter using the HSO unit. The sam- 
ple delay and sample time are also a constant number 
of state times to within 50 nanoseconds each. 


Once the sample window closes, it is desired that all 
further changes on any input channel be isolated from 
the sample capacitor. The multiplexer's off-isolation is 
responsible for isolating deselected channels, while the 
sample-and-hold switch must attenuate changes on the 
selected channel. This source of error is described as 
Feedthrough. Feedthrough is quantified as the ability 
of the sample-and-hold to reject unwanted signals on its 
input. 


Other factors that affect a real AID Converter system • 
include sensitivity to temperature. Temperature sensi- 
I 
tivities are described by the change in typical specifica- 
tions with a change in temperature. 


The MCS-96 Analog Acquisition System includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and IO-bit analog to digital converter (Figure 10). 
An MCS-96 device can therefore select one of eight 
analog inputs, sample-and-hold the input voltage and 
convert the voltage into a digital value. Each conver- 
sion takes 22 microseconds (S097BH), including the 
time required for the sample-hold (with XTALI = 12 
MHz). The method of conversion is successive approxi- 
mation. 


inter 


8 TO 1 
ANALOG 
~ULTIPLEXER 


SA~PLE 
AND 
HOLD 


NOTE: 
1. Sample 
and hold not on 8X9X·90 
devices. 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO 
Bit in the AID Control Register. Either activity causes 
a start conversion signal to be sent to AID control log- 
ic. If an HSO command was used, the conversion pro- 
cess will begin when Timer I increments. This aids 
applications 
attempting 
to approach 
spectrally pure 
sampling, since successive samples spaced by equal 
Timer 1 delays will occur with a variance of about 
±50 ns (assuming a stable clock on XTALl). 
How- 
ever, conversion 
initiated by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution, re- 
sulting in a variance of about 0.75 
f-Ls (XTALl 
= 
12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 


the conversion is in progress. The sample delay and 
sample time uncertainties are each approximately ± 50 
ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
MCS-96 implements a successive approximation algo- 
rigthm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, coupling capacitors and a 10- 
bit successive approximation register (SAR) with logic 
that guides the process. The resistor ladder provides 20 
mV steps (¥REF = 5.12V), while capacitive coupling is 
used to create 5 mV steps within the 20 mV ladder 
voltages. Therefore, 1024 internal reference voltages are 
available for comparison against the analog input to 
generate a 10- bit conversion result. Appendix B con- 
tains a detailed description of the method used to gen- 
erate 1024 voltages from a 256-resistor chain. 


The total number of state times required for a lo-bit 
conversion varies from one MCS-96 version to the next. 
Attempting to short-cycle the lO-bit conversion process 
by reading AID results before the done bit is set may 
work on some versions of MCS-96 devices, however it 
is not recommended. Short-cycling is not tested, nor is 
it guaranteed. Furthermore, it may not work on future 
MCS-96 devices. 
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The analog signals that must be converted by an analog 
acquisition system vary Hidely. The analog input may 
arrive at the controller 
IS a voltage or current. The 
range may be 0 to I volt or ± 30 volts, or some other 
arbitrary range. The inpl t may be linear, logarithmic, 
non- linear, or perturbatei 
in some bizarre fashion. Al- 


though interfacing to sucn signals could be considered 
an art form, some simple suggestions are contained in 
this section. 


The external interface circuitry to an analog input is 
highly dependent upon th~ application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors su;h as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the samI Ie capacitor must be consid- 
ered. 
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For the 8096BH, these faetors are idealized in Figure 
11. The external input circ lit must be able to charge a 
sample capacitor (Cs) thr Jugh a series of resistance 
(RI) to an accurate voltagl given a D.C. leakage (IL). 
On the 8096BH, Cs is arou ld 2 pF, RI is around 5 KO 
and IL is specified at 3 J.LAmaximum. In determining 
the source impedance Rs, "BIAS is not important. 


External circuits with source impedances of I KO or 
less will be able to maintai 1 an input voltage within ~ 


tolerance of about ±0.61 LSB (1.0 KO X 3.0 J.LA= 
3.0 mY) given the D.C. leakage. Source impedances 
above 2 KO can result in an external error of at least 
one LSB due to the voltage drop caused by the 3 J.LA 
leakage. In addition, source impedances above 25 KO 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
I J.Ls(12 MHz clock) sample window. 


Placing an external capacitor on each analog input will 
reduce the sensitivity to noise, as the capacitor com- 
bines with source resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to an external low leakage 
capacitor on the analog input pin and choose the largest 
capacitor value practical, given the frequency of the 
signal being converted. This provides a low-pass fJ.1ter 
on the input, while the resistor will also limit input 
current during over-voltage conditions. 


Figure 12 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input (limits to 2.6 mA with 2700 
(0.7/270)). The circuit induces leakage from the diodes, 
which should be kept small. 


The wide range of possible analog environments that 
must be interfaced to, or the existence of stringent accu- 
racy requirements, makes the consideration of alterna- 
tive input buffer configurations necessary. The most 
popular input buffer is a single op-amp in the non- in- 
verting or inverting configurations of Figure 13. 


In the non-inverting circuit of Figure 13 (a), the analog 
input is scaled by the buffer gain to output 5 volts when 6 
the input is at its maximum positive input. When the 
buffer input is 0 volts, the output will also be 0 volts. 


In the inverting circuit of Figure 13 (b), a reference 
equal to the maximum possible input voltage is placed 
on the non-inverting input of the op-amp and the actual 
analog input is placed on the inverting input. The out- 
put voltage of the buffer is then proportional 
to the 


deviation of analog input from its maximum possible 
value. For example, when the analog input equals 
YMAX,the buffer output will equal 0 zero volts. When 
the analog input equals its minimum value, the buffer 
output equals 5 volts. The digital result from the AID 
converter might, of course, have to be complemented 
before being used. 


The circuits of Figure 13 show only feedback resistors 
that set the gain of the buffer. In practice, it will often 
be necessary to include offset adjustments, gain trim- 
ming, temperature or frequency stability compensation, 
or components to build an active filter. 


Figure 
14 depicts a generalized non-inverting input 


buffer that offsets the analog input and scales the input 


to a 5 volt range. The course offset is set by the ratio of 
RBIGI and RBIG2. while offset fme tuning is done by 
adjusting RTRIM. The course gain is set by the ratio of 
Rol 
and 
Ro2 
while gain trimming 
is done with 
RoTRIM· 
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By trimming the offset and gain. not only can external 
component errors be zeroed out. but the offset and full 
scale error of the AID converter can be nulled. 


The procedure for nulling offset and gain is simple. 
First. a voltage is applied to VIN which corresponds to 
the ideal first code transition of the AID. RTRIM is 
adjusted so that 50 percent of the conversion results are 
o while 50 percent are 1. Second. a voltage is applied to 
VIN which corresponds to the ideal final code tran- 
sition of the AID converter. RoTRIM is then adjusted 
until 50 percent of the conversion results are 3FEH and 
50 percent are 3FFH. Once this adjustment is com- 
plete. the converter zero offset and full-scale errors are 
nulled. and could be ignored (except for temperature 
variation). This allows the system to rely upon the 
tighter, more descriptive converter specifications for 
Terminal Based Non- Linearity and Differential Non- 
Linearity. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason. it is recom- 
mended that 
the ANGND 
pin be tied to a clean 
ground. as close to the power supply as possible. Bypass 
capacitors 
should also be used between VREF and 
ANGND. 
ANGND should be connected to VSSonly 
at the chip. VREF should be well regulated and used 
only for the AID converter. The VREF supply can be 
between 4.5V and 5.5V and needs to be able to source 
around 5 mA. Figure 15 shows all of these connections. 


Note that if only ratiometric information is desired, 
VREFcan be connected to Vcc. In addition, if the AID 
converter is not being used, VREFmust be connected to 
Vcc and ANGND to VSSfor PortO to work as a digital 
port. 
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Given that the AID convert:r can convert an analog 
input ranging from 0 volts to 5 volts into 1024 steps of 
5 millivolts each, the desire for more resolution can 
come from three basic needs - need extra LSB, need 
extra MSB, need BOTH. 


The configuration shown in Figure 16 can be used to 
solve each of the "more resoilition" problems. This set- 
up requires the use of two inr ut channels with different 
offsets and gains. 


When the 5 millivolt step size of the AID is too large 
for the application requireme lts, but the 5 volt range is 
sufficient, the system needs al "extra LSB". For exam- 
ple, an application requiring :!.5 millivolt steps over a 5 
volt range needs an II-bit c( nversion result. The 11th 
bit needs to be added to the least significant side of the 
10- bit result (the "right"). 1his can be achieved using 
the circuit of Figure 16. 


If both channels are set for a gain of 2, with channel I 
offset to 2.5 volts, the 5 volt input range is split into 2.5 
volt ranges that are amplified by two before being input 
to the AID. While VIN is between 0 and 2.5 volts, 
channel 0 will be providing 
I proportional voltage be- 
tween 0 volts and 5 volts to he AID converter. Chan- 
nel I will be clamped to 5 voIts. When VIN rises above 
2.5 volts, channel I will begil to output a proportional 
voltage between 0 volts and 5 volts to the AID convert- 
er and channel 0 will be clamped at 5 volts. Using this 
method, an II-bit (2048 step I result is created with 2.5 
millivolt steps (i.e. an extra LSB). 
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It is useful to note that only one conversion per sample 
will be required if the software keeps track of which 
channel is active. The only time that two conversions 
will be required for one sample is when the voltage 
crosses the midpoint. 


The second reason that "more resolution" is requested 
is the need for an "extra MSB". When the converter's 
input voltage range is too small (5 volts when 10volts is 
needed), but 5 millivolt steps over the actual input volt- 
age range is sufficient, an extra bit is needed on the 
most significant ("left") side of the IO-bit result. The 
circuit of Figure 16 can also be used, with different 
gains and offsets, to satisfy this extra MSB need by 
splitting the 10 volt range into 5 volt ranges. 


If both channels of Figure 16are set for unity gain, and 
channel I is offset to 5 volts, an II-bit conversion result 
with 5 millivolt steps is available. While VIN is in the 
lower half of its range (0 volts to 5 volts), channel 0 will 
be active. While VIN is in the upper half of its range (5 
volts to 10 volts), channel 1 will be active. Thus, an 
extra MSB is created. 


For applications requiring multiple extra bits of result, 
the solutions can become more "elegant" (i.e. elabo- 
rate). However, it is profitable to first squeeze the most 
out of the now familiar circuit in Figure 16. 


Assume that the analog input, VIN, ranges from 0 volts 
to 10volts, and it is desired to measure this range in 2.5 
millivolt steps. This requires two extra bits of result - 
one extra MSB and one extra LSB. A simple extrapola- 
tion of the preceding discussion of creating extra bits 
might have the designer planning to tieup four channels 
of the multiplexer needlessly. Needlessly, that is, if • 
the application is a typical control application where 
• 
the high accuracy requirements are only important in 
the "normal" operating range of the process. Outside of 
the normal operating range is the "possible" operating 
range which must be measured, but with less stringent 
requirements. 


Since the requirements of the normal range set the nec- 
essary LSB weight, and the extent of the possible range 
sets the maximum voltage span, it follows that only two 
channels need to be used (Figure 16). Channel 0 would 
be set with a gain that compressed the possible VIN 
range to 5 volts, while channel I would be offset to the 
normal operating range and would have a gain of two 
to expand this region of critical interest. With this ap- 


proach, 100 percent of the normal operating range is 
digitized in 2.5 millivolt steps, while 100 percent of the 
possible range is digitized in 10 millivolt steps. 


Unfortunately, not all high resolution applications can 
be described as a process with a small region of in-con- 
trol operation, where the process is out-of-control out- 
side of that small region. For example, it is necessary to 
measure airflow in an engine controlling carburetion. 
T.heair flow at idle is likely to be several orders-of-mag- 
mtude lower than the airflow at full RPM. The process 
needs to be in tight control over the entire range, not 
only when the engine is at half-speed. 


When it is desired to measure a process with a fixed 
percent of error throughout a range spanning several 
orders-of-magnitude, 
a non- linear input buffer be- 
c?mes attractive. For example, assume that the analog 
sIgnal that needs to be digitized can vary from I milli- 
volt to 25 volts and describes a physical process that 
must be represented digitally with 1 percent error at 
any point in the possible input range. A linear solution 
to this application would require a converter with a 10 
microvolt LSB (l % X I mV), and a resolution of 22 
bits (25 V110 microvolts). This is clearly undesirable. 


The use of a log input buffer to compress the 25 volt 
range logarithmically to 5 volts would satisfy the appli- 
ca~ion requirements. The input would range from I 
mIllIVolt to 25 volts with the output ranging from 0 
volts to 5 volts proportionally to the log of VIN/lmV. 
Each one-percent change in the input voltage would 
change ~he output voltage by 5 millivolts (one count). 
The antIlog could be taken in software using a lookup 
table, or the control calculations could be performed in 
a log base. 


Simple inexpensive log-amps can be built as in Figure 
17, or high- accuracy, self-contained log-amps can be 
purchased. Which is chosen depends upon the applica- 
tion tradeoffs of price and performance. 


V3=K,og(~D 
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Other techniques become available for consideration in 
systems that have slow sample rate requirements, but 
very high resolution requirements. In addition to the 
methods described above, which require external hard- 
ware, software filtering or other post-processing of the 
conversion results can be productive. Each method re- 
lies upon the ability to sample the analog input much 
faster than the system requires an analog input. 


When resolution is limited by filterable noise, perhaps 
the most straightforward approach to post-processing is 
to oversample the input by a factor of N and digitally 
low-pass fIlter the data (i.e. weighted rolling average). 
A result would be reported to the rest of the system 
every N samples (Figure 18). A low-pass fIlter can in- 
crease the signal- to-noise ratio (SNR) by a factor of N 
(see bibliography). However, care must be taken to be 
certain that the input voltage varies slowly with respect 
to the sampling rate. 
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Another approach to creat ng more resolution is called 
"synchronized dither". Fi~ure 19 shows an input volt- 
age that is constant somewaere between two code tran- 
sition points. This input is '"dithered" by adding a small 
periodic waveform ('/. LSB steps) to the input while 
performing an AID conver lion synchronized with each 
dither step. Every time the ,lither completes a full cycle, 
the eight conversion result; are averaged to form one 
digitized value. Since the ,lither is periodic and sym- 
metrical about 0 volts, its l verage impact on the input 
voltage is 0 volts. 


The creation of extra resolution can be seen with the 
example shown in Figure 1'1.Without dither, the input 
voltage would always convert to 37H. With dither, one- 
eighth of the conversions" ould be 38H and % of the 
conversions would be 37H. If every eight conversions 
were averaged, the result weuld be 37H + 'I. LSB. The 
possible results given a fOUllevel dither, where the in- 
put voltage was always within the 37H code width, 
would be 


36H 
+- % 
36H 
+- % 
37H I- 0 
37H .j- 'Is 
37H·j- % 


Dither will only create mort: resolution up to the limit 
of the AID converter comJarator's 
ability to distin- 
guish voltages. Since MCS·96 converter repeatability 
error is typically around 1 millivolt to i.25 millivolts, 
'I. LSB dither is the practiclI limit if no other process- 
ing is done. Figure 20 shows a simple method by which 


the input voltage could be dithered under software con- 
trol. 


While only a few of the more obvious interfacing tech- 
niques were described here, there are as many innova- 
tive interfacing tricks as there are designers. 


This application note provides a fundamental under- 
standing of MCS-96 analog acquisition for the digital 
designer. Since answering the limitless number of ana- 
log circuit design questions is beyond the scope of this 
document, it is expected that analog design manuals 
and the large body of publicly available applications 
literature will be consulted for detailed design hints. 
Furthermore, 
the applications literature of monolithic 
analog acquisition 
system manufacturers 
should be 
consulted since the suggestions presented therein are 
largely transportable to any AID system. 
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APPENDIX 
A 
AID 
GLOSSARY OF TERMS 


ABSOLUTE 
ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACfUAL CHARACfERISTIC-The 
characteristic of 
an actual converter. The characteristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversions un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 
plexer which guarantees 
that 
a previously selected 
channel will be deselected before a new channel is se- 
lected. (e.g. the multiplexer will not short inputs togeth- 
er.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature, 
voltage and frequency condi- 
tions. 


CHARACfERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE CENTER-The 
voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code of Q, to a code of 
Q + I. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the 
difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-D.C. 
Leakage current of an 
analog input pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 
ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID converter after the 
sample window closes. 


FULL-SCALE ERROR-The 
difference between the 
expected and actual input voltage corresponding to the 
full-scale code transition. 


IDEAL CHARACfERISTIC-A 
characteristic 
with 
its first code transition at VIN = 0.5 LSD, its last code 
transition at VIN = (VREF - 
1.5 LSD) and all code 
widths equal to one LSD. 


INPUT RESISTANCE-The 
effective series resistance 
from the analog input pin to the sample capacitor. 


LSB - LEAST SIGNIFICANT 
BIT-The 
voltage val- 
ue corresponding to the full-scale voltage divided by 2n, 
where n is the number of bits of resolution of the con- 
verter. For a IO-bit converter with a reference voltage 
of 5.12 volts, one LSD is 5.0 mV. Note that this is 
different than digital LSDs, since an uncertainty of two 
LSDs, when referring to an AID 
converter, equals 
10 mV. (This has been confused with an uncertainty of 
two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC-The 
property of successive approxi- 
mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 
code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 
transitions of the terminal based characteristic from the 
corresponding code transitions of the actual character- 
istic of a converter. 


OFF-ISOLATION-Attenuation 
of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


inter 


REPEATABILITY-The 
difference between 
corre- 


sponding code transitions f 'om different actual charac- 
teristics taken from the 
Sf me converter on the same 


channel at the same temper lture, voltage and frequency 
conditions. 


RESOLUTION-The 
nur lber of input voltage levels 


that the converter can unambiguously distinguish be- 
tween. Also defines the nunber of useful bits of infor- 
mation which the converte: can return. 


SAMPLE DELAY-The 
(elay from receiving the start 


conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 


in the Sample Delay. 


SAMPLE TIME-The 
tinIethat the sample window is 
open. 


SAMPLE TIME UNCEllTAINTY-The 
variation in 


the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 


itor is attached to a selected channel and ends when the 
sample capacitor 
is disconnected 
from the selected 


channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID 
con- 


version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 


stated 
variable 
per 
degree 
centigrade 
temperature 


change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED CHARACTERISTIC-An 
Ac- 


tual Characteristic which has been rotated and translat- 
ed to remove zero offset and full-scale error. 


vcc REJECTION-Attenuation 
of noise on the Vcc 


line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 


and actual input voltage corresponding to the first code 
transition. 
• 


APPENDIX 
B 
CAPACITIVE 
INTERPOLATION 


A successive approximation AID converter needs an 
internal Dj A converter of the same resolution as the 
desired AID 
result. A IO-bit Dj A could have been 
made using a string of 1024 resistors connected from 
the analog reference at one end to ground at the other 
end. Although this would be technically ideal, such a 
circuit would be enormous. Therefore, a method was 
developed to generate the needed reference voltages us- 
ing a small area of silicon so that an on-chip IO-bit 
AID converter would be economical. 


The method used relies upon a 256-resistor chain to 
generate reference voltages in 20mV (5.12V/256) steps 
while two ratioed capacitors are used to capacitively 
"interpolate" voltages in-between the resistor tap volt- 
ages. The area of the 256-resistor chain together with 
the capacitors is one-fourth the area of the would-be 
1024 resistor chain. 


Before beginning a detailed description of the capacitive 
part of the conversion process, it is necessary to under- 
stand a few details about the resistor chain. 


There are 256 resistors connected in series from the 
analog reference to analog ground. The actual value of 
the resistors only impacts the current through the refer- 
ence pin. If every resistor in the chain is the same value 
the converter will function properly. 


To reduce resistor-to-resistor 
variation, the chain is 
folded in half, and then in an accordion fashion to pro- 
duce a 16 X 16 block of resistors. This minimizes the 
sensitivity of the array to processing gradients, while 
also allowing the array to be addressed roughly similar 
to a 16 X 16 memory array. 


As explained earlier, it is desired for the AID converter 
to have its first code transition at '/. LSB followed by 
subsequent code widths I LSB wide. 


To accomplish this, each resistor is tapped in its center 
rather than between resistors. For example, the first 
resistor tap is half-way up the first resistor. This means 
that the zero resistor tap will output 10mV (20mV/2). 
When calculating the voltage on a certairt resistor tap, 
you must add IOmV to the product of the tap number 
and 2OmV. 


The internal connections while an analog input is being 
sampled are shown in Figure Bla. Once sampling is 
complete,· the analog input is disconnected and the 
comparator 
inputs are no longer clamped to VBIAS 


(Figure Bib). 


During the sample window (Figure Bla), VANIN and 
VOFScontrol the amount of charge stored in CA and 
CB (YOPScontrols the converter offset). Once the sam- 
ple window closes (Figure Bib), voltages applied to 
VIN and VIN2 will add or subtract charge proportional 
to (YANIN - 
VIN) on CA and (YOPS - 
VIN2) on CB· 


Unless a voltage is applied to VIN and VIN2. The in- 
verting comparator input of Figure Bib will remain at 
VBIAS due to the charges on CA and CB. The non- 
inverting 
comparator 
input 
will always remain 
at 


VBIASand serves as a reference. 


If a VIN, VIN2 combination is applied which causes the 
non-inverting input to drop below VBIASthe compara- 
tor will output to a I to indicate that the applied volt- 
age was lower than the original VANIN. To better un- 
derstand how the circuit works, Figure B2 shows the 
superposition analysis used to form the equation for 
VOUT,given initial charge on CA and CB and new in- 
put voltages VIN and VIN2. 


inter 


Your = V1 + V2 + V3 f- V4 


Your = VIN(CA~ACB)~ VIN2(CA~CB) + VAl(CA~AcJ + VBI(CA~CJ 


C,\ 
CB 
Your = (VIN+ VAl)-C 
-C + (VIN2+ VBI)-C 
C 
A-t 
B 
A+ 
B 


[ 


Resistor 
String 


One of 256 
One of four 
Resistor 
Tops 
Resistor 
Tops 
Successive 
Approximation 
Register 


1 
CB=liCA 


C" Is the 
sample 
capacitor 


[ 


Resistor 
String 


One of 256 
One of four 
Resistor 
Tops 
Resistor 
Tops 
Successive 
Approximation 
Register 


f"lom..J 
Pin 
• 


inter 


CA 
VOUT = (VIN + VSIAS - 
VANIN)-C-- 
+ 
A + Cs 


Cs 
(VIN2 + VSIAS - 
VOFS) CA + Cs 
(IV) 


vOUT becomes the input voltage to the comparator 
which ideally presents no load. The only way to make 
VOUTapproach the value OfVBIAS(after VBIASis re- 
moved) is to apply a voltage combination which makes 
equation IV evaluate to VBIAS.If we had an infmitely 
variable internal voltage reference to use, we could 
just 
set 
the 
reference 
on 
VIN 
to 
the 
value 
of 


VANIN and make VINZ = VOFS. 


°A=O 
Dr-r-] + 
(ii) The effect 
of VIN 
-=- ~ .!l~ 
CA 
VIMT 
lOBC~C 
VI =VIN~ 
~ 
-A-'1l 


270365-25 


0A=OAI-rr]+ 
(iv) The effect 
of initial 
change 
on CA 
CA 
+ 
°Al=(CA+Cs)V3 
_ 
CB 
Q~ 
CA 
0B=O V3=CA+Cs=c;+cBVAI 


270365-27 


However, using a 256-resistor chain to provide refer- 
"ences,we can fmd a VIN, VINZ combination which can 
bring VOUTclose to the value of VBIAS'The 256-resis- 
tor chain provides a reference voltage in 20 mV steps. 
We can then take separate taps of the resistor chain and 
connect them to VIN and VIN2.The voltage attached to 
VIN will couple to VOUTby a factor of CA/(CA + CB) 
= 8/9 from EQN IV. The voltage attached to VIN2 
will couple to VOUTby a factor of CB!(CA + CB)' The 
ratio of the impacts on VOUTof VIN versus VIN2 is: 


( aVOUT) 
7 
(aVOUT) 
= (8/9)/(1/9) 
= 8 
aVIN 
aVIN2 


Therefore, a voltage change on VIN will affect the volt- 
age seen at VOUT eight times more than the same 
change placed on VIN2. 


Figure 83. Initial Conditions 
6-226 


inter 


For example, assume the actual input voltage VANIN 
was 2.5OmV during the ;ample window. Using EQN 
IV, and assuming VBIAS = 3V and VOFS = 7OmV,we 
substitute and find: 


Your = (VIN + 2.9975) x (8/9) + 
(VIN2 + 2.93) 
)< (1/9) 


Using successive approxi mation, the first trial input 
voltage attempted corresponds to the digital code 0III 
1111 lIb (127 X 20mV -j 
IOmV). This means that the 
voltage applied to VIN wIll be the 0111 11l1b tap and 
the voltage applied to VUl2 will be the 01lOb tap (6 X 
20mV + IOmV = 3 LSB). Substituting these values 
into EQN V we have: 


VOUT~ (2.550 + 2.9975) x (8/9; + (0.130 + 2.93) x (1/9) 
M 
VOUT~ 
4.931 
+ 
0.34 
= 5.271 


Since the 3V reference is lower than VOUT with.these 
inputs, the comparator will output a 0 which is placed 
in the MSB of the succe ;sive approximation register. 
The next most significant bit of the SAR is then zero'd 


and the new ladder tap applied to VIN' The result of 
this second comparison, and the subsequent compari- 
sons are shown in Table Bl. The C program used to 
generate Table BI is listed in Listing Bl. 


The value selected for VOFSduring the sample window 
may not be obvious. The purpose of VOFSis to inject a 
constant offset in the sampling process so that the con- 
verter's first code transition will occur at 2.5mV. 


Using EQN IV we can quickly see why VOFSis chosen 
to be the fourth resistor tap (4 X 20mV + IOmV = 
7OmV).For VANIN = 2.5mV, we want VOUTto eval- 
uate to VBIASwhen the SAR is OH. 


Your = 
(0.20 mV + 10 mY) + (VBIAS- 2.5 mV)1 x 
(8/9) + (0.20 mV + 10mV) + (VBIAS- 
70mV)1 x (1/9) 


Therefore, ifVOFS = 70 mY, the converter's first code 
transition will be when VANIN = 2.5 mY. 


A to 
D simulator. 
(center 
taps) 
•• 
With 
V:N = 0.002500 
V':ENT = 3.000000 
VOFF = 0.070000 
5.tR = lFFH 
(511) 
VOUT = 5.271111 
5AR = 
FFH (255) 
VOUT = 4.133333 
5,tH = 
7FH (127) 
VOUT = 3.564444 
5,tH = 
3FH ( 
63) 
VOUT = 3.280000 
5,tH 
= 
lFH 
( 
31) 
VOUT = 3.137778 
5,tH = 
FH ( 
15) 
VOUT = 3.066667 
S,tH = 
7H ( 
7) 
VOUT = 3.031111 
5,tH = 
3H ( 
3) 
VOUT = 3.013333 
SJtH = 
lH 
( 
1) 
VOUT = 3.004444 
SJtH = 
OH ( 
0) 
VOUT = 3.000000 
5J~ = 
lH 
( 
1) 
which 
means 
0.005000 
volts 
• 


'1llClvde 
'SfllIO." 
,* .lIlpl. 
ID'OCIUoa lines 


12•• 11 0.0025 3.0 
0.01 
P 
YlD 
VbIU 
vots 
prllt 
to screea lid 
Ip 


1241110.0015 3.0 
0.01 
Vln 
VblIS 
Vots 
print 
to screen only 


lIt 
H1DIl. 
IfgYl 
lit k: 
cblf 
*lrq'l1:( 
,* Illn *, 
FILE *tp, *tOpeD/): 
double I8IUII_coldltlonl, 
'II. 
'OGt, 'Cllt, 
,off. 
'89. '19: 


IUI9* 
lnt Sif : 013FF: 


UDl1gDldtnt Hit 
: 01200: 
UU!J8Id 
IDt COlIDt: 0; 
UUIOned Int prtDtOR: 
It 
IltrCllplngYlOJ. 
'ral" 
:= 01 
cOUDt•• : 
It 
Ilk 
!= If t countll 
, U != /5 t coanllll 
I 
prlntfl'lnln'OCIUoD 
error! ID": 
retlrD: 
I 
count •• : 
SlClDtllfllYrcoont++). 
'IUf', 
"tll: 
SlClDtlar9v1 count++). 
'1If', 
',cent 
I: 
ssClDtlnqv(cOGDt •• ). 'lit', 
',ottl: 
It 
(covnt == II 
prlBtO•. : 0: 
lla. 
prtntoD : I: 


It 
('PrIDtODI 


{ 
It 
(Up = topeR/'lpn:', 
'v'll 
== 01 


( 
prlnW'IDClo't 
OpeDprtBterIO'); 
retan: 
I 
I 
It Iprhtool 
fprtltfUp. 
'A to D Ululltor 
.. '): 


prlour' 
,lth 10Ho : IfloVcent 
= IfloVoff 
= Ifln'. 
'10. 
,cent. 
,offl; 


It IprlntoD I 
fprloUUp. 
' ,ltb 
InVln : IfloVcent 
= IflnVoff 
: Iflo'. 
,to. 
,ceDt, 
,off 1: 


IntUII_condlUons 
: 118.0 I 9.01 * (,cent 
- vtlll 
t 111.0 , 9.0) 
* ('ceot 
- ,oflll: 
,89 = 8.0 , 9.0: 
,19 : 1.0 I 9.0: 


ur ': usa: 
prlatt/'SAR : UIR IUd,IIt', 
ur, slrl: 
11 (prtlton) 
fprt.tt(fp, 
'SAI : 1311 (lfdllt', 
sar, sari: 
for lcoot 
: 0: 
COlIDt(10: 
COGlltHI 
{ 


VOlt: 
IY89• (HdOIblel (lir » 211 • 0.02 • 0.0111 
• ('19 • IfldOlblel 
(Ilir 
, 31 « 1)1 • 0.02 • 0.0111 
• 1.ltl.l_coldttloDl: 
11 {,oat ( 'celli 
sar I: UIl: 
u.a »: 1: 
IIr ': UIl: 
prtltt,'Volt 
: "\IISAI • 1311 (lfdl\t', 
,oat, 
.ar, 
IIrl: 
11 fprlatOlI 
fprlattllp, 
'Vout : 'tidAl: 
1311(lfdl\t', 
'OIt, 
IIr. 
slfl: 
) 
prtntf(' 
Ibla 
••• as " 
,ollll.\.', 
(doUble) IIr • O.DOSI: 
11 (prlatODI 
fprlatftfp, 
' ,Ua 
••••• 
" 
,0Itsl.'.', 
(doabl.' 
.ar • O.ODSI: 
retan: 
I 


inter 


APPENDIX 
C 
ERROR FORMULAS 


The following C program listing contains the routines 
used to calculate AID performance in the Embedded 
Controller Applications lab. Most of the routines re- 
quire floating point arrays to operate upon. In the list- 
ings, the array x[l contains the input voltages corre- 
sponding to each code transition of the converter. The 
array dx[l contains the width of the region in which 
each code transition of the converter could occur. For 
example, an input voltage of 0.003V may cause code 0 
and code I to be equally likely outputs. x[ol would then 
contain 0.003סס OO. However, O-to-l code transitions 
might be observed infrequently through a range of in- 
put voltages from 0.0025V to 0.0035V. dx[ol would 
then contain 0.001סס OO to indicate that 
there is a 


1 millivolt window in which either code could occur. 
x[ 1 and dx[ 1 are generated by hardware doing repeat- 


ed conversions using precision voltage standards to pro- 
vide the 
input 
voltages. The 
array 
dd[ 1 is used 


throughout as temporary storage. 


Generally, typical data is drawn from x[ 1 only. When 
minimum and maximum data is desired, x[ 1 and dx[ 1 
are used to fmd the range of possible input voltages that 
could cause each code. For example, typical zero offset 
is found by simply subtracting 0.5 LSB from the value 
of x[ol. But, the minimum and maximum zero offset 
would be calculated as x[ol - 0.5 LSB ± dx[ol/2. 


The listings are provided to show exactly how perform- 
ance data is calculated. They are not meant to be com- 
piled by the reader. In fact, they are too incomplete to 
compile correctly, as some support routines and global 
data structures are not provided. 


Iinciude 'IDPIIAD!IIAC 
••' 
Illclade 
'IDPIITDWU' 
.Iacllde 
'\DPIIIDWB.I' 
I4etlu LSJllOf.IYCC/(po,(2.DbIUtll 
ldeU •• FCTIIDtl(po"2.lbIUI 
• 21 
hldef Iia 
I•• def III 
I•• def 1111 


daable potll. 
bl 
lit I, b: 
{ 
1* pot */ 
doIble t.p: 
lIt 1: 
t., : 1.0: 
for (1 : I: 
I (: (UIU bl: 
1". 
t.p: 
t.p 
* II 


double flbl(11 
double I: 


{ 
If II ( 01 
retire 
(-II: 
else ret.re 
(II: 
I 


lIt 
11ft(l. 
bl 
doIIble I. b: 
I 
1f (I 
( bl 
retara 
111: 
else If '1 ) bl 
reter. 
/21: 
elle retare 
to): 
I 


lit 
111(1. bl 
doIIble I, b: 
{ 
retlra 
1llllb. 
Ill: 


) 


double tYPIoff/l. 
dll 
f101t III. 
dill: 


I 
double po.II: 
ret.re 
(I/O) • (O.~ * LUll: 


) 


double IIIIOft/l. 
dll 
HOlt III. dIll: 


{ 
doOle ,"II: 
ntlrl 
11(01 t (dI(OI I 2.0) - O.~ * WI: 
1 


• 


inter 


float II J. dIll; 
I 
doable JIO'II; 
returo fr(OI - (41101I 2.01 - 0.5 , WI: 
I 


douDletyplst(l. 
411 
float Ill. 
41( J; 
l 
lIouDlepo'lI: 
returo IIIFCT! - (lIOI.I'ce - 11.5 , loSalll; 
I 


clouDleIllliell, 
dl' 
float II J. 4111: 
I 
doable po'lI: 
return IlI(FCTJ - 141(FCTI12.011 - lnow.llce - (l.5 , loSalll: 
I 


double ellt •• II. dIl 
float II J. dIll; 
I 
doabl. po'lI: 
retorn IlllFCTl • (oIFCTI I 2.011 - 11Ot.I'ce . 11.5 , LSalll: 
I 


Int IIb.errorll. 
41, d4, .tlrt. 
Itopl 
I' tneSlUoa 
aD.olute error '/ 
float II J, 4111. 4411: 
unll~ne4 lot .tlrt, 
.top: 
I 
clouDlepo'O. 
fID'Il; 
lot I, ,orat: 
tor II : ,ant: 
.tart: 
I (: .top: 
1++' 
l 
44[11 : 1111 • ((doablel 1 • 0.51 ' LSa: 
If Itlb'14dll)1 
) faDII44I,ontlll 
,orst 
: 1: 
I 
returo I,anti 
: 
I 


lot IIDllrror4111, 41. 44, .tlrt. 
ItoPI /' tneSlUoe 
IblOlute error '/41 '/ 
float II J, 4111. 4411: 
ulllG11d lit 
.tlrt. 
.top: 
I 
doable PO'Il. tlDIII; 
lIt 
1, lOut; 
lIouDletl. 
t2: 
for 11 : lOut: 
start: 
I (: ItOP; 
1++1 
I 
tl : /1[11 - (41111/ 2.011 - (/(doaDlel I + G.SI ' loSa,; 
t2 : (1[1) + Idll1l I 2.011 • f ((lIouDle' 1 + 0.51 ' £saI; 
If ItlbUtll 
) flb.lt211 
44(1) : tl; 
elle 44(1) : t2: 
If Itlbl14d[lll 
) fID'144(lOrst1l1 
,orst 
: 1: 
I 
r.tura 
(,orst I; 
I 


Listing 
C1. Error 
Formulas 
(Continued) 
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inter 


lnt tboonlln(I, 
dl. dd. ,tart, 
,topl 
/' 
tb los111 
1111' lOlly 
'/ 


float I[ I. dIll, 
Mil: 


mslqned lot sUrt, 
,top: 
I 
Int I, .orst: 
double llO.n, 
tYPloffn, 
typf,en, 
f.b,n: 
double OIdj, q.dJ: 


oadj = typtoftll, 
dll: 
qadj = 1.0 • ((typlse'I, 
dll - OIdjl / I[stopll: 


for (1 = IOrst = ,Urt: 
I (= .top: 
1") 
I 
ddfl) 
= 11111• oadj) , qt.J 
• (((doabl') 
1 + 0,5) , UII: 
If (flb,'MUII 
) flbs(ddr.orstlJl 
IOrst = I: 
) 
retun 
(.orst I; 
) 


lot tlKlOlllllldl(I, dI, dd, sUrt, 
.topl 
/' 
tb _111 
•• Ill) 1 IlId dI '/ 
float III. 
dI[1. dd(): 


unslqnecl lIt start, 
,top: 
{ 
I8t I, .ont: 
doable llO.n, t,PIOffll, 
typfnll, 
Ius II : 
doable oadj. qad.I, 11, t2: 


oadJ = tYPloffll. 
dll: 
qadj = 1.0 • ((typlll(I, 
dll - oadJj / I[,topll: 
• 


for 11 : .orst 
: atart: 
1 (: stop: 
1++1 
I 
tI : 11(11 • Idl(1) 12.0\ 
- oadJi t q.dj - (((doablel 
1 • 0.51 t LSI): 
12 : 11(1) + (dl(l) 
12.0) 
- OIdjl t g,dJ - (((dOUble) I + 0.5J t WI: 


if /f.bsltl) 
) f•• slt2\1 
ddl1J : 11: 
el •• dd(1J : t2: 
If (f'bs(dd(l)l 
) f.b.I44[.orst) 
II 
10rst : 1; 
I 
retarD (.orst I: 
I 


lnt IdlHI, 
dl. dd.• tart, 
.topl 
flOit III. 
dIll, 
dd(): 
lit 
start. 
stot: 
I 
lit 
I, worst: 
doable poll l. f.b.(I: 
doable OIdJ. QldJ: 
doIIlle t,pf •• O. tJPIott II: 


OIdj : typlOffll. 
dl): 
9.dj : 1.0 + ((typf •• (I, dll - OIdjl I IJstot)l: 


.or.t 
: .tart: 
If /Start:: 
OJ 
I 
ddlOJ : 0.0: 
atart •• : 
, 
for (1 : .t.rt: 
I (0 .top: 
1"\ 
I 
dd[1J : 11(1) - OIdj) t q.dJ 
- 1111- lJ - oadJ\ t gadj 
• LSJ: 
It (flb.(dd[111 ) f.b.(dO[.orstIlJ 
.orst 
: I: 
1 
return (.orst I: 
) 


18t IdnlOI'I. 
dl, dd, .tart •• topl 
flOit III, 
dIll, 
ddll: 
tAt .tart, 
.top; 
( 
lit 
I, worst: 
dooble poIlI. 
fO'II: 
double tl, 
t2: 
doable OIdJ, g.dJ: 
dOUbletypfsell, 
typloffll: 


OId,1: typloffll. 
drl: 
gadj : 1.0. 
lIt"f 
•• fl. 
dl\ - OIdj) I I(.top,,: 


.orst 
: .tart: 
If (.t.rt 
:0 0\ 
I 
44[OJ : dl(OI I 2.0: 


inter 


startit 
: 
I 
for il : start: 
1 (: .lop: 
11+' 
( 
II : fI(I) 
- (dl(1) /2.01 
- oadj) * g.ldj 
-(I[I 
- I) • Idl(1 - 11 / 2.0) - oadj I * Qldj 
- LSI: 
t2 : 11(11 • (dl(1) / 2.01 - oldj I * gldj 
-(1[1 - 1) - [dIll 
- 1) / 2.0) - oadj) * ~ldJ 
- LSI: 
U UIb.(tl' 
) febstt211 
dd[11 : t1: 
el18 ddll' 
: t2: 
If Ulblldd[l)l 
) febsfdd[.orstll) 
.ont 
: 1: 
I 
retura lwont): 
I 


lot reslevel.'I, 
drl 
/* flod. resolutloo 
ID levelS */ 
float II J. dill: 
( 
lal l. levels. 
0: 


dOliblepo.lI: 


levels: 
I: 


n : lIotl 
po.t2. Ilbltll 
- 1: 
U ((1[0) - (dl/O) I 2.01 ) 0.01) 
levels"; 


tor (I : I; 
1 ( 0: 
1"1 
U ((III 
- 11 • Idl[l 
- 1) /2.011 
( 11[11 - (dllll 
/ 2.01 - tparu.f1De_.tepl1 
l.nl 
••• : 


return llenl'l: 
I 
• 


inter 


APPENDIX 
D 
SAMPLE CONVERTER 
DATA 


The following pages include printouts describing the 
performance of an 8097BH. The data shown is for one 
device and is provided for illustrative purposes only. 
Users should only rely upon data sheet specifications 
for the exact device they are designing with. 


VREF = 5.120 volts. Following Table D2 are several 
error plots that describe Absolute Error, 
Terminal- 


based Non-Linearity, 
Differential Non-Linearity 
and 


Repeatability 
for the test device code-by-code. The 


y-axis in the plots is the error in volts for each code 
transition, where code transitions make up the x-axis. 


Table DI summarizes many performance measures for 
one converter at 25 C, 12 MHz, Vcc = 5.00 volts and 


Test In = DOH 
sN: 4130 
(l022H) 
T = 25.000000 
VCC = 5.000000, 
Avec = 5.120000 
Freq = 12.000000 
Chan. = 3 
States = 188 
Mode = OH 
XO.15 
1/28/87 
Transition 
Characterization 
Parameter 
Listing 
Large 
Step = 0.001000 
V 
Small 
Step = 0.000100 
V 
Endpoints 
when 
(l/lOO) 
are wrong 


Typical 
Offset 
Error = 
-0.001923 
Maximum 
Offset 
Error = -0.002460 
Maximum 
Offset 
Error = 
-0.001385 


Typical 
FS Error = -0.000566 
Maximum 
FS Error = -0.001254 
Minimum 
FS Error = -0.000120 


Absolute 
Error 
(typ) 40 
= 0.004157 
Absolute 
Error 
(max) 40 
= 0.004795 
Absolute 
Error 
(min) 325 = 0.001111 


Diff. 
Non. 
Lin. 
Error 
(max) 40 = 0.003747 
Diff. 
Non. 
Lin. 
Error 
(min) FF = -0.001071 


Term. 
Non. 
Lin. 
Error 
(max) 325 = -0.004102 
Term. 
Non. 
Lin. 
Error 
(min) 40 = 0.002148 


Maximum 
Reliability 
Error 
3Dl = 0.001875 
Minimum 
Reliability 
Error 
3A7 = 0.000974 


'111= 
JII.= 
-0.( 0!i2 
• 0 • 
0.00!l2 
1. 
. 
1 
. 
. 
1 


1 
t 


1 
I 


1 
I 
I 
I 
I 


1 
I 
I 


0: 
0.002460: 
1: 
0.002214: 
2: 
0.002251: 
3: 
0.002111: 
t: 
0.002591: 


5: 
0.002201: 
b: 
0.00233t: 
1: 
0.002172: 
8: 
0.002519: 
9: 
0.00213Cl: 


A: 
0.002263: 
.: 
0.002219: 
C: 
0.002652: 
P: 
0.002230: 
£: 
0.002280: 
f: 
0.002062: 
10: 
0.002581: 
11: 
0.002203: 
12: 
0.002ttO: 
13: 
0.002165: 
It: 
0.002518: 
15: 
0.002129: 


Ib: 
0.002262: 
1"/: 0.002192: 
16: 
0.002533: 
19: 
0.002223: 
1A: 0.002383: 
U: 
0.002:100: 
IC: 
0.002413: 
10: 
0.002268: 
IE: 
0.002418: 
If: 
O.OOI99t: 
20: 
0.0021U: 


21: 
0.002392: 
22: 
0.002516: 
23: 
0.002392: 


2t: 
0.002113: 
25: 
0.002588: 
26: 
0.002612: 
21: 
0.002299: 
28: 
0.002681: 
29: 
0.002580: 
2J,: 
0.002613: 
2B: 0.002424: 
2C: 0.002181: 
2D: 0.002481: 
2£: 
0.002133: 
2F: 
0.0022t6: 
30: 
0.002865: 
31: 
0.00253t: 
32: 
0.002605: 
33: 
0.002155: 
34: 
0.002MI: 
• 


3~: 
0.00m5: 
:16: 
0.602698: 
31: 
0.002521: 
38: 
0.002945: 
39: 
0.002823: 
3.\: 
0.003036: 
JI: 
0.002155: 


X: 
0.002959: 
3D: 
0.002819: 


31: 
0.003106: 
3F: 
0.002419: 
40: 
0.004194: 
41: 
0.004299: 


42: 
0.004532: 
43: 
0.004334: 
44: 
0.004646: 
45: 
0.004081: 
f6: 
0.004~6: 
41: 
0.0041'/3: 
48: 
0.004511: 


49: 
0.004224: 


4A: 
0.004443: 
.1: 
0.004282: 


fe: 
0.004584: 
40: 
0.004149: 


4£: 
0.004486: 


4P: 
0.003958: 


50: 
0.004518: 
51: 
0.004301: 
52: 
0.004191: 


53: 
0.004020: 


st: 
0.004218: 


55: 
0.004059: 
!16: 
0.004220: 


51: 
0.004132: 
58: 
0.004319: 
!'9: 
0.004012: 


~: 
0.004185: 


58: 
0.004011: 


5C: 
0.004334: 


50: 
0.003908: 
~E: 
0.004117.: 


SF: 
0.003589: 
60: 
0.003916: 


61: 
0.003153: 


62: 
O.OO39!16: 


63: 
0.003849: 


64: 
0.00396Q: 


65: 
0.003566: 


66: 
0.003188: 
61: 
0.003671: 
68: 
0.003519: 
69: 
0.003404: 
64: 
0.003399: 
61: 
0.003459: 
6C: 
0.003583: 
60: 
0.003245: 


6E: 
0.003450: 
6F: 
0.003200: 
10: 
0.003408: 


inter 


71: 
iUOJZOJ: 
71: 
G. UC.12:le: 


'/3: 
U.003201: 


7i: 
0.D03281: 
7~: 
O.D02882: 
76: 
0.003161: 
7'1: 
0.003112: 
78: 
O.OOJOOO: 
7~: 
0.002833: 
7A: 
O.U02989: 
78: 
0.002932: 


7C: 
0.002924: 
70: 
0.002716: 
7£: 
0,002759: 
7f: 
0.002027: 
80: 
0.003422: 
81: 
0,003129: 
82: 
O,OOJ321: 
83: 
0.003169: 
84: 
0 003202: 
85: 
0 002953: 


&6: 
0.0030&6: 
8'/: 
0 002897: 
88: 
0 003038: 
89: 
0 002446: 


8A: 
0 U02983: 
88: 
0 002623: 
8C: 
0 002813: 
80: 
0 002593: 


8£: 
0 002485: 


8f: 
0 002415: 


'lII: 
0 002791: 
91: 
0 002647: 
92: 
0 002812: 


q:;: 
0 002576: 


94: 
0 002b1l2: 
95: 
0 002514: 
96: 
0 002711: 


9'/: 
0 002405: 


98: 
0 002593: 


99: 
0 002268: 


9A: 
0 002550: 


qa: 
0 002340: 


'!C: 
0 002412, 
90: 
0 002118: 


91:: 
U 002303: 
9F: 
0 001754: 


AO: 
0 002191: 
AI: 
0 001893: 
A2: 
0 002259: 


AJ: 
0.001986: 
U: 
0 002103, 


AS: 
0 001881: 
A6: 
0 002071: 
A7: 
0.001933: 
A8: 
0 002059: 


A9: 
0 001792: 
AA: 
0 001967, 


U: 
0.001176: 
AC: 
0.001864: 


• 


AD: 0.001592: 
AI: 
0.001'181: 
AF: 0.00/538: 
10: 
0.001906: 
II: 
0.001724: 
12: 
0.0011187: 
13: 
0.001773: 
84: 
0.001585: 
IS: 
0.001598: 
16: 
0.001650: 
17: 
0.001554: 
18: 
0.001715: 
19: 
0.00154~: 
IA: 
0.001653: 
II: 
0.001474: 
IC: 
0.001461: 
ID: 
0.001384: 
JIl: 
0.001518: 
IF: 
0.001028: 
CO: 0.003214: 
CI: 
0.002914: 
f,z: o.0029lJ6: 
C3: 0.002779: 
C4: 0.003081: 
C5: 0.002717: 
C6: 0.0031191>: 
C1: 0.002806: 
C8: 0.0031130: 
C9: 0.002796: 
CA: 0.002642: 
CI: 
0.002185: 
Ct: 
0.003040: 
CI: 
0.002719: 
~'E: 0.0028'18: 
CF: 0.002742: 
00: 
0.002845: 
UI: 
0.002546: 
82: 
0.002'/C1O: 
83: 
0.002395: 
D4: 0.002848: 
D5: 0.002481: 
116: 0.002168: 
D7: 0.002100: 
ta: 
0.00268/: 
19: 
0.002611: 
DA: 0.002755: 
PI: 
0.002643: 
DC: 0.002684: 
DD: 0.002398: 
DE: 0.002553: 
DF: 0.002223: 
10: 
0.002463: 
El: 
0.001878: 
£2: 
0.002439: 
13: 
0.002206: 
E4: 
0.002063: 
15: 
0.002055: 
16: 
0.002268: 
11: 
0.002144: 
U: 
0.002356: 


inter 


19: 
0.007.7.25, 
EA: 0.002263: 
EI: 
0.002I1J: 
Ie: 
0.002233: 
18: 
0.002172: 
1&: 0.002369: 
IP: 
0.002If9: 
PO: 0.002216: 
PI: 
O.OOI8fl: 
n: 
0.002051: 
P3: 
0.001935: 
Ff: 
0.001965: 
F5: 
0.001729: 
n: 
0.001979: 
PI, 
0.001899: 
Fe: 
0.001589: 
P9: 
0.001718: 
FA: 0.001935: 
FI: 
0.001756: 
PC: 0.001975: 
PO: 0.001832: 
FE: 0.001920: 
PF: O.OOlotl: 
100: 
0.002291. 
101: 0.002008: 
102: 0.002296: 
103, 
0.001975: 
lot: 
0.001946: 
105: O.OOI87f: 
106: 
0.001"', 
107: 0.001817: 
100: 0.002135: 
109: 0.001921: 
lOA: 0.002009: 
101: 0.001832. 
IOC: 0.001903: 
100: 0.00169«: 
10&: 0.001838: 
10F: 0.001537: 
110: 0.001681: 
Ill: 
0.001f36: 
112: 
0.001730: 
113: 0.001631: 
llf: 
0.001636: 
115: O.OOI37f: 
116: 
0.001550: 
117: 0.001500: 
118: 0.001530: 
119: 0.001611: 
HA: 
0.001390: 
11.: 
0.001271: 
lie: 
0.001321: 
110: 
0,00107.: 
liE: 
0.001268: 
IIF: 
O.OOO8lf: 
120: O.OOlfOI: 
121: 0.001052: 
122: 0.001193: 
123: 0.001106: 
12f: 
0.001253: 
• 


12~: 0.000758: 
126: 0.0009~3: 
127: 0.000976: 
128. 0.001080: 
129: 
0.000937: 
Ill: 
0.001181: 
128: 
0.001018: 


12C: 
0.0009~9: 
12D: 0.000862: 
12&: 0.000812: 
12F: 0.000813: 
130: 0.000933: 
131: 0.000671: 
132: 0.000811: 
133: 0.000634: 
134: 
0.000929: 
135: -0.000647: 
136: 0.000888: 
137: 0.000539: 
138: 0.001027: 
139: 0.000850: 
13A: 0.000749: 
138: 
0.000809: 
13C: 0.001032: 
13D: 0.000788: 
13£: 0.000963: 
13F: -0.000681: 
140: 
0.002218: 
1U: 
0.002186: 
141.: 0.002327: 
143: 0.002196: 
144: 0.002447: 
145: 0.002267: 
146: 0.00243~: 
147: 0.002385: 
148: 
0.00l5S4: 
149: 
0.002284: 
HA: 
0.002420: 
148: 0.002482: 
14C, 
0.002523: 
14D: 0.002299: 
14£: 0.002303: 
14F: 0.002097: 
150: 0.002267: 
151: 0.002121: 
152: 0.002312: 
153: 0.002092: 
1S4: 0.002264: 
155: 0.001916: 
151>: 0.002034: 
151: 0.002084: 
158: 0.002235: 
159: 0.001959: 
15A: 0.002071: 
158: 
0.002048: 
15C: 0.002104: 
15D: 0.001998: 
15£: 
0.002110: 
15F: 0.001935: 
160: 0.002075: 


161: 
O.OOI'ISS: 
162: 0.001922: 
16J: 
0.001706: 
164: 
0.001984: 
16S: 0.001481: 
166: 0.001830: 
16"/: 0.001812: 
Ifill: 0.001987: 
169: 0.001880: 
164: 0.002022: 
168: 0.001736: 
16C: 0.001673: 
16n: 0.001595: 
16£: 0.001620: 
16.: 
0.0011149: 
110: 0.001710: 
111: 0.001492: 
172: 0.00163S: 
173: 0.001572: 
174: O.OOI72S: 
175: O.OOIS34: 
171>. 0.001601: 
171: 0.001527: 
178: 0.001743: 
179: 0.00IU3: 
174: 
0.001623: 
178: 0.001578: 
11C: 0.00IS28: 
17D: 0.001386: 
171: 0.001466: 
17F: 0.00lf57, 
180: 
0.001971: 
181: 0.001741: 
182: 0.001816: 
183: 0.001707: 
IS.: 
0.001894: 
185: 0.001S98: 
186: 0.001600: 
187: 0.00lf98: 
188: 0.001771: 
189: 0.00lf78: 
leA: 
0.0016Sf: 
181: 0.001591: 
18C: 0.001732: 
ISI, 
0.00lf04: 
18B: 0.001S36: 
18.: 
O.OOlfU: 
190: 0.0018\l: 
191: 0.001467: 
192: 0.001372: 
193: 
0.001370: 
194: 0.001323: 
195: 0.001306: 
196: 
0.001429: 
197: 0.001025: 
198: 0.001S85: 
1'l9: 
0.001281: 
194: 0.001465: 
191: 
0.001323: 
19C: O.ooISfO: 
• 


190: 
0.001262: 
I 
I'll: 
0.0012t5: 
I 
19': 
0.001201: 
, 


lAO: 0.00IU3: 
I 
IAI: 
0.001170: 
I 
• 
142: 
0.001361 : 
I 
• 
143: 
0.00/3Z/ : 
I 
• 
lA4: 
0.00118l: 
I 
• 
IA5: 
0.000812: 
I 


·141>: 0.001086: 
I 
lA1: 
0.001080: 
I 
1'8: 
0.001195: 
1 
1A9: 0.001138: 
I 
lAA: 0.001204: 
I 
IA8: 
0.001230: 
1 
lAC: 
0.001210: 
, 


lAD: 0.0009'11: 
, 


IA£: 
0.001083: 
I 
IA': 
0.00121t: 
I 
* 
110: 
0.001211 : 
I 
• 
IBl: 
0.001133: 
I 
• 
IIl2: 
0.001069: 
I 
• 
IIJ: 
0.001095: 
I 
18t: 
0.001065: 
I 
liS: 
0.001081: 
I 
Ilib: 
0.001124: 
I 
111: 
0.001019: 
I 
118: 
0.001040: 
I 
1B9: 
0.001081: 
I 
• 
lJA: 
0.001183: 
I 
• 
188: 
0.00129'1: 
I 
• 
llC: 
0.001124: 
I 
1B0: 
0.001001>: 
I 
18E: 
0.001041>: 
I 
1B': 
0.001061: 
, 


lCO: 
0.002t15: 
I 
ICI: 
0.0023Sll: 
I 
IC2: 
0.002538: 
I 
IC3: 
0.002451: 
I 
lCt: 
0.002112: 
I 
IC5: 
0.002U5: 
I 
• 
IC6: 
0.002519: 
I 
* 
IC1: 
0.002UI>: 
I 
* 
IC8: 
0.002196: 
I 
IC9: 
0.002388: 
I 
leA: 
0.002368: 
I 
* 
lCI: 
0.002421>: 
I 
• 
lCC: 
0.002661: 
I 
• 
ICD: 0.002462: 
I 
• 
ICE: 
0.002t91: 
I 
IC': 
0.002396: 
I 
100: 
0.0021>11: 
I 
101: 
0.002399: 
I 
102: 
0.002503: 
, 
• 
103: 
0.002t53: 
I 
• 
lot: 
0.002623: 
I 
* 
IDS: 
O.OOlfU: 
I 
106: 
0.002t23: 
I 
ID1: 
0.002490: 
I 
IDa: 
0.002b06: 
I 
270365-76 
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6-244 


inter 


109: 0.002351: 
10••, 
0.002439, 
101: 0.002312, 
lIlC, U.002426: 
100, 
0.002316: 
IDE: 0.002"3: 
UF, 
0.002~1: 
lEO, 0.002583: 
I£!, 
0.002031: 
112: 0.002371: 
1£3: 0.002043: 
114: 0.002350: 
1£5, 
0.002166: 
116: 0.002351: 
Ig7: 
0.002363: 
lEa: 
0.002455: 
]£9, 
0.002002: 
lEA: 0.002299: 
III: 
0.002lf6, 
lie: 
0.0022'/9: 
lED: 0.002072: 
I£E: 
0.001960: 
I£F: 
0.002221: 
IFO, 0.0023lf: 
IFI: 
0.001940: 
IF2: 
0.002086: 
IFJ: 
0.002310: 
IF4: 
0.002188: 
IF5: 
0.002015: 
1F6' 
0.002065: 
IF7: 
0.002267: 
IF8: 
0.002181: 
IF9: 
0.002002: 
IFA: 0.002120: 
1Ft: 
0.002133' 
1FC: 0.002158: 
IFn: 
0.001937: 
IF1: 
0.002079: 
IFF: 
0.OOlf09: 
200: 
0.001879: 
201: 
0.001707: 
202: 
0.001905: 
203, 
0.001557: 
204: 
0.001650: 
205, 
0.001661: 
206: 
0.001683: 
207: 
0.001595' 
208, 
0.001535: 
209: 
0.0011'/9: 
20A: 0.001610: 
201, 
0.001454: 
20C: 0.001370: 
200, 
0.001262, 
20£, 
0.001179: 
lO': 
0.000983: 
210: 
0.00\405: 
211: 
0.00107.: 
212: 
0.001168: 
213: 
0.001193: 
7.14: 0.001420: 


215: 
0.001162: 
216: 
0.001323: 
217: 
0.001268: 
U8: 
0.0012%: 
219, 
0.00IH7: 
21A: 
0.001036: 
7.18: 0.001170: 
21C: 0.0015SI: 
210: 
0.001065, 
21£: 
0.001216: 
21F: 
0.000666: 
220: 
0.001304: 
221: 
0.000988: 
222: 
0.001207: 
223: 
0.001066: 
224: 
0.001079: 
225: 
0.001029: 
226: 
0.000971: 
227: 
0.000968: 
228: 
0.001203: 
229: 
0.000949: 
22.: 
0.001026: 
228: 
0.0010SI: 
22C: 0.001118: 
220: 
0.000887: 
22lt: 
0.001149, 
22f: 
0.000738: 
230: 
0.0012H: 
231: 
0.000920: 
232, 
0.001203: 
233: 
0.000978: 
234: 
0.001203: 
23S: 
0.001081: 
236: 
0.001003: 
237: 
0.0010S3: 
238: 
O.OOI23S: 
239: 
0.000705: 
23.: 
0.001066: 
23.: 
0.000924, 
2X: 
0.001087: 
230: 
0.001000: 
23£: 
0.001006: 
23F: -0.000785: 
240: 
0.002137: 
241: 
0.001968: 
242: 
0.0021%: 
243, 
0.002027: 
244: 
0.002162: 
24S: 
0.001918: 
246: 
0.00207S: 
2n: 
0.001871: 
248: 
0.002060: 
249: 
0.002108, 
244: 
0.002100: 
24.: 
0.002060: 
24C: 0.002217: 
240: 
0.002035: 
24£: 
0.002245, 
24F: 
0.002190: 
250: 
0.002U5: 


inter 


l51: 
0.002013: 
252: 
0.001.259: 
253: 
0.002068: 


254: 
0.002370: 
255: 
0.002213: 
256: 
0.00231t: 
257: 
0.002207: 
258: 
0.002259: 
259: 
0.002090: 
25A: 0.001956: 
251: 
0.002095: 
2!.r.: 0.002377: 
2SD: 0.002086: 
251:: 0.002090: 
25F: 
0.001972: 
260: 
0.002137: 
261: 
0.001108: 
262: 
0.002022: 
263: 
0.0019U, 


26.: 
0.002053: 
265: 
0.001856: 
266: 
0.0020f2: 


261: 
0.0019fO: 
268: 
0.002020: 
269: 
0.001762: 
264: 
0.001820: 
261: 
0.001773: 
26C: 0.001850: 
261: 
0.001685: 
261: 
0.001910: 


26F: 
0.001'794: 
210: 
0.0017f8: 
211: 
0.001653: 
272: 
0.001632: 
273: 
0.001540: 
27f: 
0.001671: 
275: 
0.001356: 
276: 
0.001582: 
271: 
0.001630: 
218: 
0.001505: 
279: 
0.00H03: 


21": 
0.001t64: 
271: 
0.ooH02: 


27C: 0.001620: 
271: 
0.001106: 


211: 
0.001437: 


27': 
0.001216: 
280: 
0.001913: 


281: 
0.001950: 
282: 
0.002095: 
283: 
0.001620: 
284: 
0•.0020'16: 
285: 
0.001850: 
286: 
0.001951: 


287: 
0.001836: 
288: 
0.001726: 
289: 
0.001690: 


28A: O.OO17f3: 
288: 
0.001775: 
28C: 0.001551: 


inter 


280: 
0.001620: 
281: 
O.OOIS99: 
28F: 
0.001536: 
290: 
0.001558: 
291: 
0.00H2l: 
292: 
0.00H31: 
293: 
0.0012SS: 
294: 
0.001423: 
295: 
0.0011S1: 
296: 
0.001336: 
297: 
0.001311: 
298: 
0.001308: 
299: 
0.00112S: 
29A: 0.001060: 
291: 
0.001134: 
29C: 0.001209: 
290: 
0.000llS6: 
29£: 
0.001095: 
29F: 
0.000790: 
LAO: 0.000988: 
LAI: 0.000839: 
2A2: 0.001122: 
2A3: 0.000913: 
LA4: 
0.000971: 
LAS: 
0.000710: 


LA6: 
0.000879: 
LA7: 
0.000807: 
2A8: 0.00ll02: 
2A9: 0.000720: 
W: 
-0.000620: 
2A8: 0.000799: 
2AC: 0.0009'11: 
ZAD: 0.000727: 
2A£: 0.000684: 
LAF: 0.000683: 
ZlO: 0.000713: 
ZlI: -0.000782: 
282: 
0.000601: 
283: -0.000704: 
284: 
0.000647: 
285: -0.000815: 
286: -0.000685: 
281: -0.000116: 
218: 
0.000688: 
289: -0.000764: 
2BA:-0.000661: 
288: -0.000181, 
2BC: 0.000904: 
liD: 
0.000701: 
28£: 
0.000163: 
2IP: 
O.OO08U: 
2CO: 0.0022f8: 
2CI: 
0.001988: 
2C2: 0.002117: 
2C3: 0.002005: 
2Ct: 
0.002275: 
2C5: 0.002183: 
2C6, 0.002092: 
2C1: 
0.002171: 
2C8: 0.002366: 


inter 


2C'l: 0.002105: 
2eA: 0.0020.7: 
lCB: 0.002H2: 
2CC: 0.002308: 
lCO: 
0.002226: 
2CI: 
0.002106: 
2CF: 0.001931: 
200: 
0.002298: 
201: 
0.001963: 
202: 
0.002106: 
203: 
0.002014: 
2Of: 
0.002136: 
205: 
0.001849: 
206: 
0.002152: 
207: 
0.002205: 
208: 
0.002087: 
209: 
0.001866: 
20A: 0.00230.: 
2oB: 0.002234: 
2OC: 0.002308: 
200: 
0.001769: 
20£: 
0.002155: 
20F: 
0.002036: 
2EO: 0.001801: 
2EI: 
0.001788: 
2El: 
U.001813: 
213: 
0.001724: 
2E4: 0.001537: 
2£5: 
0.001622: 
2£6: 
0.00l"/97: 
2£1: 
0.00179Cl: 
2£8: 
0.001720: 
219: 
0.001537: 
2E11: 0.001715: 
2£B: 0.001385: 
2Ee: 0.001637, 
210: 
O.0014M: 
21E: 0.001508: 
2EF: 0.001373: 
2FOI O.OOH88: 
2FI: 
0.001379: 
2F2: 
0.001508: 
2F3: 
0.001325: 
2H: 
0.001385: 
2F5: 
0.001225: 
2F6: 0.001381: 
2F7: 0.001301: 
2F8: 
0.001168: 
2F9: 
0.001136: 
2FA: 0.001032: 
2fl: 
0.000957: 
2FC: 0.001102: 
2FD: 0.001088: 
2F1: 
0.000999: 
liF: 
0.001571: 
300: 
0.OOH84: 
301: 
0.001278: 
302: 0.001663: 
303: 
0.001298: 
304: 
0.001282: 
• 


305: 
0.001267: 
306: 
0.001311: 
307: 
0.001154: 
308: 
0.001373: 


.lU9: 0.001001: 
lOA: 0.001208: 
lOB: 0.00113.: 
JOC: 0.001258: 
300: 
0.001135: 
3OE: 0.001168: 
30F: 
0.000971: 
310: 
0.001021: 
311: 
0.000689: 


312: 
0.000990: 
313: 
0.000857: 
3H: 
0.0009": 
315: 
0.000651: 
316: 
0.000·19f: 
317: 
0.0007H: 


318: 
0.000790: 
319: 
0.000702: 
31A: 
0.00072.: 
JIB: 
0.000613: 
31e: 
0.000823: 
310: 
0.000691: 
31E: C.000789: 
31F: -0.000870: 
320: -0.000695: 
321: -0.000923: 
322: -0.00078.: 
323: -0.0008.5: 
32.: -0.000707: 
325: -0.001111: 
326: -0.000n6: 


32'1: 
-0.000991: 
328: -0.000893: 
329: -0.0010H9: 
32A: -0.000888: 
3lB: -0.001001: 
32C: 0.001505: 
320: 
0.001350: 
32£: 
O.OOUJa: 
32F: 0.001358: 
330: 
0.001612: 
331: 
0.001368: 
332: 
0.00IM5: 


333: 
0.00H82: 
33.: 
0.001753: 
335: 
0.00166f: 
336: 
0.001732: 
337: 
0,001582: 
336: 
0.001601: 
339: 
O.OOU72: 
33A: 0.001.12: 
33B: 0,001522: 
33C: 0.001102: 
330: 
0.001371: 
33£: 
0.001545: 
33F: 0.001281: 
340: 
0.002960: 


inter 


lB: 
0.002109: 
342: 
0.00l828: 
343: 
O.00lS42: 
344: 
0.002184: 
345: 
0.002119: 
346: 
0.002590: 
347, 
0.002811, 
348, 
0.003014: 
349: 
0.003003: 
3U: 
0.002773: 


.l4B: 0.0027": 
34/:: 0.003031: 
.l4D: 0.002612: 
34£: 
0.0028S4: 
3fF, 
0.002906: 
350: 
0.00296Q: 
351, 
0.002142, 
352: 
0.002836: 
353: 
O.0027S4: 
3S4: 0.003012: 
355: 
0.002821: 
356: 
0.003011: 
357: 
0.003037: 
358: 
0.002763: 
359: 
0.002649: 
35.\: 0.002595: 
358: 
0.002773: 
351:: 0.002'1'13: 
350: 
0.002479: 
35£: 0.002709: 
35F: 0.002716: 
360, 
0.002505: 
361: 
0.00U31: 
362: 
0.002451: 
363: 
0.002320: 
364: 
0.002"8, 
365: 
0.002264: 
366: 
0.002375: 
J67: 
0.002312: 
368: 
0.002421: 
369: 
0.002251: 
36A: 0.002330: 
368: 
0.002212: 
J6C: 0.002269: 
368: 
0.001925: 
36£: 
0.002158: 
36F, 
0.002229: 
370: 
0.002246: 
371: 
0.001929: 
312: 
0.0020'15: 
373: 
0.002046: 
,n4: 
0.002085: 
375: 
0.001876: 
376: 
0.001926: 
377: 
0.002039: 
318: 
0.001967: 
379: 
0.001932: 
37.: 
0.002019: 
371: 
0.001950: 
37C: 0.001922: 
• 


inter 


310: 
0.001815: 
I 
3'lt: 
0.001689: 
I 
:11P: 0.002200: 
I 
* 
380: 
0.002OM: 
I 
* 
381: 
0.001164: 
I 
t 
382: 
0.001910: 
r 
• 
383: 
0.001915: 
I 
• 
J84: 
0.00ICl13: 
I 
t 
385: 
0.001866: 
I 
• 
386: 
0.001889: 
I 
381: 
0.001800: 
I 


.J88: o.oorm: 
I 
38~: 
O.OOlf5f: 
I 
38A: 
0.00ISS4: 
I 
381: 
0.001411: 
I 
• 
38C: 
0.00Jf69: 
I 
• 
380: 
0.001268: 
I 
• 
38£: 
0.001562: 
I 
38P, 
0.001268: 
I 
390: 
0.001568: 
I 
391: 
0.000946: 
I 
392: 
0.00lf23: 
I 
3~3: 
0.001232: 
I 
394: 
0.001f99: 
I 
3CI5: 0.001255: 
I 
396: 
0.001081: 
I 
391: 
0.001265: 
I 
t 
398: 
0.00lf21: 
I 
t 
399: 
0.001169: 
I 
39A: 
0.00126'1: 
I 
398: 
0.001215: 
I 
39C: 
O.OOIUO: 
I 
390: 
0.001153: 
3C1£: 0.00H02: 
39P. 
0.001260: 
3AO: 0.001363: 
t 
3AI: 
O.OOllfS: 
• 
3A2: 
0.001221: 
3A3: 
0.001155. 
3A1: 
0.001452: 
• 
3A5: 
0.001302: 
t 
3A6: 
0.001138: 
t 
3A1: 
0.00101'1: 
* 
3AB: 0.001318: 
JA9: 
0.001043: 
t 
3AA: 0.001145: 
t 
3A1: 
0.001201: 
t 
3AC: 0.001161 : 
3AO: 0.001133: 


JAB: 
0.001131: 
3AF: 0.001175: 
380: 
0.001159: 
381: 
0.000141: 
t 
382: 
0.000921: 
t 
383: 
0.000883: 
t 
384: 
0.001121: 
385: 
0.000184: 
386: 
0.001002: 
381: 
O.OOIOSS: 
388: 
0.000901: 


31'1, 
0.0007Sl.: 
314: 0._1, 
lIl: 
0.000912: 
31e: 0.0009(9: 
lII: 
0.000912: 
31E, 0.000996: 
3", 
0.001226: 
XO: 
0.001'163: 
XI: 
O.OOI~M: 


3C2: 0.001104: 
3Cl: 
0.0019~, 
X.: 
0.002170: 
X5, 
0.001896: 
3C6: 0.002087: 
3C7, 0.0011": 
D: 
0.002183: 


:lC'l, 0.0020": 
leA, 
0.002163. 
JCI. 
0.002031>: 
3CC, 0.002131: 
3CII: 0.002017: 
3CI, 0.001'lO8: 
XP: 
0.001'109: 
300: 0.0021~9. 
311: 0.002119. 
3.2: 
0.001'186: 
313: 0.001111. 
3Df, 0.001939, 
315, 0.001809: 
306: 0.001'lZ0: 
lD7: 0.001776: 
JII, 
0.002066, 
JI'l: 
0.0017M: 
3l1oi, 0.00187.: 
301: 0.001111: 
3DC, 0.0019f2: 
310: 0.0011108: 
301l, 0.001838: 
lIP. 
0.001993: 


310: 0;001739: 
3E1: 0.001712: 
lIZ: 
0.001616: 
313: 0.001576: 
3Et: 
0.001812: 
315: 0.001652: 
316, 0.0018n, 
3n. 
0.001730: 
318, O.OOIMI: 
3n. 
0.001693: 
314, 0.001857: 
3n: 
0.001631: 
31e, 
0.001731: 
310: 0.001581: 
311: 0.001579. 
3£P: 0.001710: 
3PO: 0.OOlf51: 
3Fl, 
0.001U1: 
3P2, 0.0013f2: 
3P3. 0.OOlf39, 
3U. 
0.001~: 
3F5. 0.001163: 
lI6: 
0.0013f1: 
3P7: 0.0013f0, 
lI8: 
0.001373: 


lF9: 
0.001091, 
lFA: 0.001106, 
3F1. 
O.OOlU~: 
lie: 
0.001320. 
3FD, O.OOI08f: 
311: 0.0012M, 
3FF: 0.00סס oo, 


• 


Ylln: 
yUl: 
-0.0031 
+ 0 - 
0.0031 
1 
. 
, 
, 


0: -0.סס OO00: 
1: -0.000291: 
2: -0.000256: 
3: -0.0003f3: 
4: 
0.סס OO31: 
S: -0.000266: 
6: -0.00013f: 
7: -0.000391: 
8: 
0.000007: 
9: -0.000386: 


&: -0.000210: 
.: 
-0.000256: 
e: 
0.00007S: 
D: -0.000241: 
I: -0.000199: 
F: -0.000i68: 
10: -0.סס OO00: 
11: -0.000330: 
12: -0.סס OO94: 
13: -0.000320: 
14: 
0.000040: 


IS: -0.000409: 
16: -0.000277: 
17: -0.000349: 
18: -0.000009: 
19: -0.000270: 
IA: -0.000112: 
II: 
-0.000296: 
Ie: -0.000124: 
lD: -0.000281: 
11: -0.000132: 
IF: -0.000601: 
20: 
0.000137: 
21: -0.000162: 
22: -0.סס OO39: 
23: -0.00021S: 
24: 
0.000104: 
2S: 
0.000028: 
2b: 
0.000000: 
27: -0.000313: 
21: 
0.000123: 
29: -O.ooooaS: 
2&: 0.סס OO56: 
21: -0.000143: 
X: 
0.000217: 
28: -0.סס OO13: 
2£: 
0.000061: 
2F: -0.000276: 
30: 
0.000290: 
31: 
0.000008: 
32: 
0.000078: 


33: -0.000323: 
34: 
U.000211: 


I 
* I 
* 
I 
1* 
* 
I 
* II 


* I 
*' 
* 
I 
*' 
* 
, 
*1 
I 
1* 
* I 
* 


* 
I 
1* 
*''* 
* , 
I * 
*1 
1* 
* 
, 
I * 


inter 


35: -U.000065: 
36: 
0.000165: 
37: -0.000106: 
38: 
0.000409: 
39: 
0.000186: 
3A: 0.000398: 
l8: 
0.000166: 
X: 
0.000368: 
30: 
0.000287: 
31: 
0.000513: 
31': -0.000275: 
40: 
0.002147: 
fl: 
0.001651: 
42: 
0.001983: 
43: 
0.001784: 
•• : 
0.001994: 
f5: 
0.00lf78: 
46: 
0.001922: 
47: 
0.001617: 
f8: 
0.001910: 
f9: 
8.001616: 
fA: 
0.001833: 
fI: 
0.001621: 
4e: 
0.001872: 
fD: 
0.001585: 
41: 
0.001771: 
fF: 
0.001392: 
50: 
0.001900: 
51: 
0.001682: 
52: 
0.001571: 
53: 
O.OOU98: 
Sf: 
0.CHl1755: 
55: 
0.001485: 
56: 
0.CHlI594: 
57: 
0.001455: 
58: 
0.001641: 
59: 
0.001382: 
SA: 0.001604: 
58: 
0.001489: 
st: 
0.001650: 
5D: 0.001323: 
!iI: 
0.001536: 
SF: 0.000952: 
60: 
0.001437: 
61: 
0.001163: 
62: 
0.001365: 
63: 
0.001156: 
64: 
0.001275: 
65: 
0.000971: 
66: 
0.001141: 
67: 
0.000923: 
68: 
0.000980: 
69: 
0.000803: 
6A: 0.000797: 
61: 
0.000806: 
6C: 0.000928: 
60: 
0.000589: 
61: 
0.000793: 
6F: 
0.000592: 
70: 
0.000798: 


'1 
I • 
'1 
I 
I • 
I 
I • 
I 
I • 
I 
• I 
I 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 


inter 


'II: 
0.000442: 
72: 
0.000~76: 
73: 
0.000~37: 
14: 
0.000616: 
75: 
0.000216: 
76: 
0.000493: 
77: 
0.000393: 
78: 
0.000330: 
79: 
0.000111: 
7A: 
0.000216: 
7B: 
0.000158: 
7C: 
0.0001.8: 
7D: -0.000060: 
7£: 
0.000081: 
7f: 
-0.000601: 
80: 
0.000691: 
81: 
0.000447: 
82: 
0.000588: 
83: 
0.000f3.: 
8.: 
0.000566: 
8~: 
0.000265: 
86: 
0.000397: 
87: 
0.000157: 
84: 
0.000396: 
89: 
-0.000196: 
8A: 
0.000339: 
8B: -0.000021: 
8C: 
0.000166: 
8D: -0.00010.: 
81: 
-0.000163: 
8f: 
-0.000285: 
90: 
0.000089: 
91: 
-0.000055: 
92: 
0.000057: 
93: 
-0.000129: 
9.: 
0.00007.5: 
95: 
-0.00019.: 
96: 
-0.0000f8: 
97: 
-0.0002S5: 
98: 
-0.000119: 
99: 
-0.00Of45: 
9A: -0.0002U: 
98: 
-0.000376: 
'lC: 
-0.000305: 
9D: -0.000650: 
9R: -0.000467: 
9F: -0.000967: 
AO: -0.00Of81: 
AI: -0.000830: 
Al: 
-0.000tl6: 
A:l: -0.000790: 
A.: 
-0.000574: 
AS: -0.0008t8: 
A6: -0.000709: 
A7: -0.000898: 


A8: -o.ooon.: 
A9: -0.000892: 
AA: -0.000768: 
AI: -0.000911: 
AC: -0.00082.: 


I 
I 
I 
* 
, 
* 
1*, 
I 
I 
1* 
I * 
I * 
1* 
*'1* 
I 
I 
I 
I 
* 
I 
* 
I 
, 
* 
I 
I * 
I 
* I 
I 


I * 
*1 
* I 
* 
I 
'**''**'* 
* I 
*' 
* 
I 
* 


AD, -0.001097, 
AI, 
-0.000960: 
AF: -0.001154: 
10, 
-0.000787, 
II, 
-0.0010ZI, 
12: 
-0.000909, 
13, 
-0.0010Zt: 
14: -0.001064' 
IS, 
-0.001152: 
16: -0.001051: 
17: 
-0.001199: 
18: 
-0.001089: 
19: 
-0.001260: 


IA: -0.001104: 
II: 
-0.00128t: 
Ie: 
-0.00IZ42: 
10: 
-0.001376: 
IE, 
-0.001114, 
IF, -0.001735: 
co: 
0.000398: 
CI: 
0.סס OO97, 
C2: 
0.000241: 
C3, 
0.000109: 
Ct, 
0.000316, 
CS, -0.000054: 
1:6: O.00032Z , 
C7, -0.סס OO18: 
el: 
0.000254: 
eg, 
0.סס OO11, 
CA: -0.000086: 
CI, 
0.0סס OO5, 
CC: 
0.000208: 
CD: -0.000113: 
Cll 
0.000094: 
CF: -0.OOOO~3, 
DO: 0.000058: 
DI: -0.000191: 
02: 
-0.000049: 
03: 
-0.000445, 
Dt: 
0.000056: 
OS: -0.000306: 
06, 
0.000023: 
07, -O.oooltSI 
08, 
-0.000116: 
09: 
-0.000231, 
OA: -0.000044: 
al, 
-0.000158: 
DC: -0.000168: 
DO: -O.oootSS: 
DE: -0.000301: 
OF: -0.000633, 
EO: -0.00D324: 
U: 
-0.000830: 
£2: 
-0.000421: 
£3, 
-0.000605: 
It' 
-0.000729: 
IS: 
-0.000709: 
16: 
-0.000527: 
£7: 
-0.000672, 
£8: 
-0.000t62: 


I 
I 
I 
I 
t 
I 
* 
I 
I 
I 
I 
I 
t 
1 
t 
I 
I, 
I 
I 
I, 
I 
I 
1* 
I 
* 
1* 
I 
* 
*1 
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£9: 
-0.000694: 
EA: ·O.000S~7: 
IB: 
-0.000709: 
EC: -0.000540: 
ED: -0.0007SZ: 
IE: 
-0.000S~7: 
EF: -0.000728: 
FO: -0.000612: 
F1: -0.000989: 
12: 
-0.000780: 
F3: -0.0009*,: 
Ff: 
-0.000868: 
FS: -0.00115(11 
F6: -0.000807: 
P7: -0.001038: 
F8: -0.001200: 
F9: -0.001222: 
fA: -0.0009S6: 
FI: 
-0.001087: 
FC: -0.000919: 
FD: -0.001063: 
FI: 
-0.000977: 
FF: -0.001857: 
100: -0.000509: 
101: -0.0008t3: 
102: -0.000606: 
103: -0.000828: 
lOt: 
-0.000859: 
105: -0.000982: 
106: -0.000973: 
107: -0.001042: 
108: -0.000775: 
109: -0.0010tO: 
lOA: -O.OOO9Ot: 
108: -0.000982: 
lOC: -0.000912: 
10D: -0.001173: 
10E: -0.001030: 
10F: -0.001382: 
110: -0.0012tO: 
Ill: 
-0.001386: 
112: -0.001093: 
113: -0.0012U: 
114: -0.0012tO: 
115: -0.001503: 
U6: 
-0.001328: 
117: -0.001480: 
1I8: 
-0.001401: 
119: -O.OOISZI: 
IIA: 
-0.001494: 
UI: 
-0.001614: 
lie: 
-0.001565: 
110: -0.001814: 
liE: 
-0.001621: 
lIP: 
-0.0020761 
120: -0.001541: 
121: -0.001841: 
122: -0.001701: 
123: -0.001790: 
12t: 
-0.001644: 


125: -0.002lfO: 
126: -0.001946: 
127: -0.001915: 
128: -0.001172: 
129: -0.001'167: 
12A: -0.0017H: 
12.: 
-0.001888: 
12C: -0.001948: 
12D: -0.002091: 
121: -0.002048: 
12F: -0.002lf8: 
130: -0.001980: 
131: -0.0022t3: 
132: -0.0020M: 
133: -0.002233: 
134: -0.002039: 
135: -0.002342: 
136: -0.002083: 
137: -0.002333: 
138: -0.0018%: 
139: -0.002125: 
13A: -0.002177: 
13.: 
-0.002168: 
13C: -0.001897: 
130: -0.002lf2: 
13£: -0.002018: 
l3F: 
-0.002t90: 
1tO: -0.000f>66: 
Ul: 
-0.000700: 
If?: 
-0.000560: 
1f3: 
-0.000692: 
1ft: 
-0.000t93: 


1f5: 
-O.OOO72t: 


If!>: -0.000607: 
1f7: 
-0.000659: 
148: -O.OOOUI: 
lt9: 
-0.000712: 
HA: -0.000578: 
H': 
-0.000517: 
IfC: 
-0.000527: 
14D: -0.000753: 
HE: 
-0.000650: 


HF: 
-0.000857: 
ISO: -0.000688: 
151: -0.000880: 
152: -0.0007t6: 
153: -0.000911: 
IS.: 
-0.0007t7: 
155: -0.000986: 
156: -0.000'129: 
157: -0.000931: 
1!l8: -0.000731: 
159: -0.001008: 
IS.: 
-0.000898: 
IS': 
-0.000972: 
15C: -0.000867: 
15D: -0.001075: 
15£: -0.0009H: 
15F: -O.OOl1tO: 
160: -0.001002: 
• 


inter 


161: 
-0.00Il13: 
162: -0.001051: 
16.1: -0.001215: 
164: -0.001048: 
165: -0.001502: 
166: -0.001155: 
161: -0.001214: 
168: -0.001100: 
169: -0.001259: 
16.6: -0.000968: 
16B: -0.001205: 
11iC: -0.001170: 
160: -0.001"9: 
161: -0.001315: 
161': -0.0013t1: 
170: -0.001278: 
171: -0.001557: 
172: -0.001365: 
173: -0.00U30: 
I": 
-0.001328: 
175: -0.001520: 
176: -0.00U55: 
177: -0.001480: 
178: -0.001315: 
179: -0.001617: 
17A: -0.001338: 
17B: -0.001484: 
I7C: 
-O.OOU86: 


170: -0.001679: 
17£: -0.001500: 
17F: -0.001611: 
180: -0.001098: 
181: -0.001379: 
182: -0.001306: 
183: -0.001366: 
184: -0.001230: 
185: -0.001478: 
1116: -0.001377: 
187: -0.001480: 
188: -0.001309: 
189: -0.001553: 
IBA: -0.001378: 
181: -0.001493: 
18C: -0.001353: 
180: -0.001682: 
18£: -0.001502: 
18': 
-0.001678: 
190: -0.001229: 
191: -0.001624: 
192: -0.001671: 
193: -0.001674: 
194: -0.001612: 
195: -0.001841: 
196: -0.001669: 
197: -0.002024: 
198: -0.001466: 
199: -0.001871: 
19A: -0.001688: 
198: -0.001782: 
19C: -0.001516: 


190: -0.00IS4S: 
19E:-0.00186f: 
19F: -0.001909: 
IAO: -0.001698: 
W: 
-0.001943: 
!A2: -0.00IS03: 
IA3: -0.00189t: 
U4: 
-0.001936: 
US: 
-0.002146: 
IA6: -0.001983: 
!A7: -0.002040: 
US: 
-0.001877: 
1A9: -0.00203S: 
W: 
-0.001921: 
U8, 
-0.001896: 
UC: 
-0.001867: 
UD: 
-0.002108: 
UI: 
-0.001997: 
UF: 
-0.001807: 
180: -0.001822: 
181: -0.0020SI: 
112: -0.001916: 
183: -0.001991: 
184: -0.001973: 
m: 
-0.002108: 
116: -0.002067: 
187: -0.002013: 
118: -0.0020S3: 
IB9: 
-0.002113: 
llA: 
-0.001913: 
181: -0.0019SO: 
lac: 
-0.001974: 
180: -0.002144: 
liB: 
-0.0020SS: 
I8F: 
-0.0020": 
lCO: -0.000629: 
ICI, 
-0.000747: 
IC2: -0.000S69: 
IC3: -0.000701: 
lCt: 
-0.0004'l'1: 
ICS: -0.000746: 
lC6: 
-0.000S33: 
lC7: -0.000677: 
lC8: 
-0.000419: 
ICg: -0.000728: 
lCA: -0.000699: 
lC8: 
-0.000643: 
ICC: -0.000S09: 
ICO: -0.0007~9: 
ICE: -0.000676: 
IC', 
-0.00067S: 
lDO: -O.OooSOS: 
101: -O.00077S: 
ID2: -0.000675: 
103: -0.000726: 
104: -0.000558: 
IDS: -0.000768: 
106: -0.00071lO: 
107: -O.OO064S: 
108: -0.000580: 
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109: -0.000836: 
IDA:-0.000750: 
lOB: -0.000758: 
IDe: -0.000715: 
IDO:-0.000816: 
101: -0.000701: 
lOP: -0.000714: 
IEO: -0.000663: 
Ill: 
-0.001060: 
1£2: -0.000828: 
1£3: -0.001107: 
114: -0.000802: 
US: -0.001037: 
116: -0.000803: 
1£7: -0.000M3: 
118: -0.000702: 
lE'l: -0.001156: 
lEA: -0.000861: 
118: -0.000965: 
lEC: -0.000933: 
lED: -0.00Ilt2: 
I'E: -0.001205: 
liP, -0.000995: 
If 0: -0.000954: 
IF1: -0.001179: 
If2: -0.001084: 
IF3, -0.001061: 
If.: 
-0.001035: 
If5: -0.001099: 
If6: -0.001111: 
1F7: -0.000960: 
IP8: -0.000991: 
IF9: -0.001178: 
IF.: -0.001061: 
IPB: -0.001099: 
IFC: -0.001026: 
IPO: -0.001248: 
lPE: -0.001157, 
IFF: -0.001828: 
200: -0.001360: 
201: -0.001583: 
202: -0.001386: 
203: -0.001636: 
204: -0.001536: 
205: -0.001584: 
206: -0.00151.: 
207: -0.001703: 
208: -0.001714: 
20~: -0.002021: 
20.: -0.001592: 
208: -0.001799: 
20C: -0.001884: 
200: -0.001994: 
20£: -0.002028: 
20P: -0.002225: 
210: -0.001805: 
211: -0.002131: 
212: -0.001994: 
213: -0.002071: 
21t: -0.001795: 


inter 


215: 
-0.002104: 
216: 
-0.001'145: 
211: 
-0.002001: 
218: 
-0.001914: 
219: 
-0.002115: 
21.\: -0.002181: 
211: 
-0.002104: 
21C: -0.001125: 
211: 
-0.002212: 
21£: -0.002012: 
21P: -0.002564: 
220: 
-0.002021: 
221: 
-0.002294: 
222: 
-0.002121: 
223: 
-0.002269: 
224: -0.002151: 
225: 
-0.002308: 
226: 
-0.002268: 
221: 
-0.002312: 
228: 
-0.002039: 
229: 
-0.0023ft: 
22A: -0.002218: 
221: 
-O.0022ft: 
22C: -0.002119: 
220: 
-0.002361: 
221: 
-0.002101: 
W: 
-0.002463: 
230: 
-0.002088: 
231: 
-0.002333: 
232: -0.002052: 
233: 
-0.002328: 
234: 
-0.002104: 
235: -0.002218: 
236: 
-0.002351: 
231: 
-0.002259: 
238: 
-0.002018: 
239: 
-0.002559: 
23A: -0.002199: 
231: 
-0.002343: 
lX: 
-0.002181: 
230: 
-0.002369: 
231: 
-0.002265: 
23F: -0.002833: 
240: 
-0.001181: 
241: -0.001351: 
242: 
-0.001130: 
243: 
-0.001301: 
244: 
-0.001161: 
245: 
-0.001f62: 
246: 
-0.001157: 
247: 
-0.001412: 
248: 
-0.001224: 
249: 
-0.001218: 
24A: -0.001187: 
2•• : -0.001278: 
2ft: 
-0.001023: 
240: 
-0.001256: 
241: 
-0.001141: 
24P: -0.001204: 
250: 
-0.000930: 
• 


2~1: 
-0.00Il63: 
2~: 
-0.001088: 
2~3: -0.001281: 
2M' 
-0.000930: 
255: 
-0.001188: 
2!l6: -0.0010:N: 
257: 
-0.001147: 
258: -0.001096: 
259: 
-0.001217: 
2~A: -0.0013021 
258: 
-0.001214: 
25C: -O.ooIOM: 
25D: -0.001276: 
2~E: -0.001273: 
2~F: -0.001343: 
260: 
-0.001229: 
261: 
-0.001~9: 
262: 
-0.001297: 
263: 
-0.OOU26: 
1.64: -0.001318: 
265: 
-0.001517: 
266: 
-0.001282: 
267: 
-0.00U85: 
268: 
-0.001357: 
269: 
-0.001616: 
261: 
-0.001~9: 
261: 
-0.001558: 
26C: -0.001582: 
260: 
-0.001148: 
1.61: -0.001~4: 
26F: -0.001692: 
270: 
-0.001589: 
271: 
-0.001786: 
212: 
-0.001108: 
213: 
-0.001751: 
274: 
-0.001116: 
275: 
-0.001988: 
276: 
-0.001813: 
277: 
-0.001816: 
278: 
-0.001943: 
279: 
-0.002046: 
27A: -0.001936: 
271: 
-0.002000: 
27C: -0.001783: 
270: -0.002248: 
271: 
-0.001869: 
27F: -0.002131: 
280: 
-O.OOU96: 
281: 
-0.001510: 
282: 
-0.0013111: 
283: 
-0.001792: 
284: 
-0.001318: 
285: -0.00161~: 
286: -0.00UIl5: 
287: 
-0.001632: 
288: 
-0.001643: 
289: 
-0.001130: 
28A: -0.001629: 
281: 
-0.001698: 
28C: -0.001823: 


inter 


280: 
-0.0018SS: 
281: 
-0.001718: 
28P: 
-0.001942: 
290: 
-0.001871: 
191: 
-0.002008: 
292: 
-O.OOl94S: 
293: 
-0.002128: 
294: 
-0.001962:- 


29S: -0.00223S: 
296: 
-0.002101: 
297: 
-0.002178: 
298: 
-0.002132: 
299: 
-0.002366: 
29A: -0.002433: 
29.: 
-0.002360: 
2lJC: -0.002236: 
290: 
-0.002SfI: 
291: 
-0.002403: 
2'1P: -0.002609: 
2AO: -0.002413: 
lAI: 
-0.002S63: 
2A2: -0.002381: 
2A3: -0.002Sf2: 
2A4: -0.002f3S: 
lAS: -0.002697: 
2Ab: -0.002S3O: 
lA7: 
-0.0026S3: 
lA8: 
-0.002tS9: 
lA9: 
-0.002742: 
2AA: -0.002860: 
lAI: 
-0.002666: 
2AC: -0.002S2S: 
lAD: -0.002741: 
lAl: 
-0.002"85: 
lAP: 
-0.002737: 
210: 
-0.002109: 
2.): 
-0.003031: 
212: 
-0.002823: 
213: 
-0.002906: 
2.4: 
-0.002780: 
21S: 
-0.003019: 
216: 
-0.002941: 
217: 
-0.002923: 
218: 
-0.002794: 
219: 
-0.002973: 
21A: -0.002812: 
211: 
-0.00l943: 
21C: -0.002584: 
210: 
-0.002832: 
211: 
-0.002717: 
21P: 
-0.002698: 
2CO: -0.00129S: 
2CI: 
-0.00ISS7: 
2C2: -0.00H2'1: 
2C3: -0.00ISf2: 
2C4: -0.001274: 
2CS: -0.00U17: 
2C6: -0.001409: 
2C7: -0.001382: 
2e8: 
-0.001138: 
• 


inter 


lC'l: 
-0.001450: 
2CA: -0.001.09: 
2el: 
-0.001366: 
2CC: -0.001201: 
2CO: -0.001385: 
2CI: 
-O.ooH06: 
ZCP: -0.001532: 
210: 
-0.001166: 
201: 
-0.001503: 
202: -O.OOlnl: 
203: 
-0.00155f: 
20.: 
-0.00133f: 
20S: 
-0.001622: 
206: 
-O.00137U: 
207: 
-0.001369: 
208: 
-0.00"38: 
209: 
-0.001660: 
lOA: -0.00132.: 
20.: 
-0.001395: 
2OC: -0.001273: 
2Ot: 
-0.001113: 
2N: 
-0.00"21: 
20P: 
-0.001550: 
2EO: -0.001685: 
2Bl: 
-0.001799: 
2£2: 
-0.001725: 
2£3: 
-0.001766: 
21.: 
-0.00195f: 
215: 
-0.001920: 
216: 
-0.0017": 
217: 
-0.001796: 
218: 
-0.001776: 
2£9: 
-0.002011: 


2EA: -0.00113f: 
20: 
-0.002115: 
2Ee: -0.001915: 
ZlD: -0.002019: 
U£: 
-0.002Uf6: 
21P: -0.002132: 
2FO: -0.002069: 
2F1: -0.002229: 
2F2: -0.002101: 
2F3: -0.002236: 
?.f.: -0.002177: 
2F5: 
-0.002381: 
2F6: 
-0.00221f: 
2P7: 
-0.002315: 
2FI: 
-0.002"9: 
2F9: 
-0.002533: 
2F.: 
-0.002538: 
2F.: 
-0.00256f: 
2FC: -0.002.71: 
2FD: -0.002.86: 
2FK: -0.002576: 
2PF: -0.002006: 
300: 
-0.00199': 
301: 
-0.002301: 
302: -0.002168: 
303: 
-0.00221f: 
30.: 
-0.002251: 


305: -0.002U1: 
306: -0.00226'1: 
301: 
-0.002483: 
308: 
-0.002265: 
30'1: -0.00258'1: 
3OA: -0.002383: 
30B: -0.002508: 
3OC: -0.002336: 
300: 
-0.002560: 
30£: -0.002428: 
:lOF: -0.002611: 
310: 
-0.002528: 
311: 
-0.002861: 
312: 
-0.002612: 
313: 
-0.002146: 
314: 
-0.002110: 
315: 
-0.0029551 
316: -0.002813: 
311: 
-0.002864: 
3181 -0.002110: 
31'1: -0.002'15'1: 
3U: 
-0.002888: 
31B: -0.002'101: 
lie: 
-0.002142: 
310: 
-0.002915: 
311: 
-0.0028'18: 
31F: -0.003165: 
320: -0.002991: 
321: 
-0.003220: 
322: -0.003083: 
323: 
-0.003195: 
324: 
-0.003109: 
325: 
-0.003314: 
326: 
-0.003130: 
321: 
-0.0032f6: 
328: -0.003301: 
329: 
-0.003391: 
32A: -0.003241: 
321: 
-0.003362: 
32C: -0.002182: 
320: 
-0.002338: 
32£: 
-0.002251: 
32F: -0.002332, 
330: 
-0.00191'11 
331: 
-0.002225: 
332: 
-0.00209'1: 
333: 
-0.002164: 
334: 
-0.0018'H: 
335: 
-0.002134: 
336: 
-0.002018: 
331: 
-0.00201'1: 
338: 
-0.001'191: 
339, 
-0.002182: 
33A, -0.002183: 
331: 
-0.002134: 
33C: -0.002005, 
330: -0.002338: 
331: 
-0.002115: 
33F: -0.002380: 
340: 
-0.000653: 
• 


3tl: 
-0.001006: 
3t2: 
-0.000888: 
3t3, 
-0.001115, 
344: -0.00083t: 
345: 
-0.000951, 
3f6: 
-0.001030: 
341: 
-0.000951: 
3fII: 
-0.000110: 
3491 -0.000612: 
34A: -O.OOO8M, 
341: -0.000934: 
3ft: 
-0.0006481 
341: -0.001008: 
341: 
-0.000828: 
3t,: 
-O.OOOTn. 
350: 
-0.OOOn4: 
351: -0.000994: 
352: 
-0.000901: 
353: 
-0.000985: 
3M: 
-0.000618: 


355: 
-0.000920: 
356: 
-0.000731: 
351: -0.000101: 
358: 
-0.000832: 
359: 
-0.001041: 
35&: -0.001003, 
358: 
-0.000916: 
35C: -0.000951: 
351: 
-0.0012iJI 
351: 
-0. 0009'H: 
35': 
-0.001038: 
360: 
-0.001150: 
361: -0.001320: 
362: -0.001251: 
363: -0.001390: 
364: -0.001263: 
365: -0.001498: 
366: 
-0.001388: 
3671 -0.001453: 
368: -0.001295: 
369: 
-0.001416, 
36.\: -0.001389. 
361, 
-0.001498: 
36C: -0.001502: 
36D: -0.00119'1: 
361: 
-0.001566: 
36f: 
-0.001596: 
310: 
-0.001531: 
311: 
-0.001199: 
312: -0.001684: 
313: 
-0.001135: 
314: 
-0.001647: 
315. 
-0.001851: 
316: 
-0.001809: 
3'11, -0.001691: 
318: -0.00IT101 
319, 
-0.001956: 
31A: -0.001821: 
311: 
-0.001841: 
3'1C: -0.001820: 


37D: -0.001979: 
371: 
-0.002106: 
37F: 
-0.001597: 
380: -0.001781: 
381: -0.002085: 
382: -0.0018fO: 
383: -0.001907: 
381: -0.001890: 
385: 
-0.001989: 
386: 
-0.001867: 
387: -0.001957: 
~: 
-0.002029: 
389: 
-0.002256: 
38A: -0.002171: 
388: 
-0.002285: 
38C: -0.002291: 
381: 
-0.002f97: 
381: -0.002201: 
38': 
-0.002199: 
390: 
-0.002201: 
391: -0.002771: 
m: 
-0.002398: 
393: 
-0.002591: 
391: 
-0.002325: 
395: -0.002570: 
396: 
-0.002590: 
397: -0.002513: 
398: 
-0.002f09: 
399: -0.002662: 
39A: -0.002513: 
391: 
-0.002588: 
39C: -0.002315: 
39D: -0.002633: 
391: -0.002f85: 
39F: -0.002579: 
.lA0: -0.002127: 
3Al: 
-0.0026f6: 
3.\2: 
-0.002572: 
343: -0.002639: 
3AI: -0.002393: 
345: -0.002f9f: 
346: 
-0.002609: 
3A7: -0.002570: 
3A8: -0.002522: 
3A9: -0.002809: 
34A: -0.002658: 
348: 
-0.002698: 
34C: -0.002615: 
3AO: -0.00272f: 
341: -0.002721: 
olAF. -0.002685. 
310: -0.002752: 
381: 
-0.003015: 
31l: 
-0.002837: 
383: -0.002932. 
31f. -0.002689: 
385: 
-0.003031: 
316: -0.002811: 
317: 
-0.002812: 
318: 
-0.002965: 


• 


319: -0.003011: 
3•• : -•• 002814: 
.: 
-0.002953: 
., 
-0.002111: 
311: -0.002906: 
31£: -•• 002784: 
3": 
-0.002605, 
JeO: -0.001110, 
Jel, 
-O.OOZ229, 
3C2: -0.001980, 
:!C3: -0.001986: 
:!Ct, -'.001668, 
:lC5, -0.0019U: 
D: 
-0.0011Ot: 
3C7: -0.001915, 
3C8, -0.001660, 
3C9: -•• 001761: 
:!CA,-0.011633: 
:lCI: -0.001061, 
3CC:-0.101768: 
n: 
-0.011883: 
:lCI: -0.001't3, 
:lCF: -O.OOI'tt, 
380, -0.001795: 
311: -0.001'166, 
312, -0.011921: 
303: -0.002097: 
Jet: 
-0.011970: 
315: -0.012102: 
316, -0."1992, 
317: -0.002137: 
3118.-0.001848: 
]19, -0.002102: 
., 
-0.0019t2: 
38.: -0.002087, 
3OC:-0.002028. 
318: -0.002113: 
311: -0.00203t, 


3DF: -0.001931: 
3£0': -0.002086: 
311: -0.0023U, 
312, -0.002311: 
313. -0.002303, 
3It: 
-0.002068, 
315: -O.oozzeo: 
316. -•• 1O2111, 
317, -0.00215t: 
318: -0.002331, 
319. -0.0023tt: 
3IA: -0.002111: 
311: -0.002252: 
3IC: -0.002153: 
311: -0.002361, 
JR: 
-0.002264: 


.!IF, -•• 002215, 
3,.: 
-0.OOUt5, 
JE1: -0.002536: 
3F2: -0.002507. 
3F3, -0.002561: 
JEt, -•• 002t93, 
JE5, -0.0026'10: 
JE6: -O.OOl563: 
317: -0.002565: 
:WI, -0.002533, 
JE9: -0,002810, 
JF&, -0.002753: 
JEI: -0.002666: 
3IC: -0.002592: 
3Pll, -0.002829: 
311, -0.002710: 
3FF: 0.000000: 


inter 


yall' 
-0.0026 
I 
0: 
~.OOOOOO: 
I: -0.000291: 
2: 
O.OOOOU: 
3: -0.000087: 
4: 
0.000374: 
S: -0.000291: 
6: 
0.000131: 
7: -0.000263: 
8: 
0.OO040S: 
9: -0.0003'U: 
A: 0.00017S: 
B: -O.OOO~S: 
C: 
0.000331: 
0: -0.000323: 
E: 
0.000048: 
F: -0.000269: 
10: 
0.000461: 
II: -0.000329: 
12: 
0.00023S: 
13: -0.000226: 
14: 
0.000361: 
15: -0.0004S0: 
16: 
0.000131: 
17: -0.000071: 
18: 
0.000339: 
19: -0.000261: 
1A: 0.000158: 
11: -0.000184: 
IC: 
0.000171: 
10: -0.0001S6: 
lK: 
0.000148: 
IF: -0.000415: 
20; 
0.000745: 
2\: -0.000300: 
22: 
0.000122; 
23: -0.000175: 
24: 
0.000319: 
25: -0.000076: 
26: -0.000027: 
27: -0.000314: 
28: 
0.000430; 
29: -0.000208: 
2A: 0.000141: 
2B: -0.000200: 
2C: 0.000361: 
20: -0.000301: 
2£: 
0.000144: 
2F: -0.000338: 
30: 
0.000S67: 
31: -0.000282: 
32: 
0.000069: 
33: -0.000401: 
34: 
0.000S34: 


,.... 
• 0 - 
0.0026 
--------------,-------------, 
• 
I 
I·.,,, 


I • 
I 
I, 
I • 
., 
I,,. 
I 
I 
I 
I 
• II 
I 
I • 
"I 
I 
I • 


• I 
I • 
• I 
I',, 


I 
I • 
• II., 
•, 
I· ,,. 


• I, 
I 


I • 
I 
I 
I,. 
I 
I 
• 


3S: -0.00027·}: 
36: 
0.000231: 
37: -0.000272: 
38: 
0.000M6: 
39: -0.000223: 
31: 
0.0002U: 
31: -0.000232: 
X: 
0.000202: 
3D: -0.000011: 
3£: 
0.00022S: 
3F: -0.000788: 
fO: 
0.002f23: 
U: 
-O.OOOf%: 
f2: 
0.000331: 
f3: -0.000199: 
H: 
0.000210: 
f5: -0.000516: 
46: 
0.000H3: 
f1: -0.00030': 
f8: 
0.0002'J2: 
49: -O.ooo29f: 
fA: 
0.000217: 
fl: 
-0.000212: 
fe: 
0.000250: 
fD: -0.000286: 
fE: 
0.000185: 
iF: -0.000379: 
50: 
0.000508: 
51: -0.000218: 
52: -0.000111: 
53: -0.000012: 
54: 
0.000256: 
55: -0.000210: 
56: 
0.000109: 
57: -0.000139: 
58: 
0.000185: 
59: -0.000258: 
SA: 0.000221: 
51: -0.000115: 
5C: 0.000161: 
58: -0.000327: 
51: 
0.000212: 
5F: -O.OO058f: 


bOo 
0.000f8S: 
61: -0.00027f: 
62: 
0.000201: 
63: -0.000208: 
64: 
0.000118: 
65: -O.OOO30f: 
66: 
0.000170: 
67: -0.000218: 
68: 
0.000056: 
69: -0.000176: 
M: 
-0.00000t>: 
68: 
O.OOOOOJ: 
6C: 0.000122: 
60: -0.000339: 
6&: 0.000203: 
loF: -0.000201: 
70: 
0.000206: 


I 
I 
I 
I 
, , 


, 
I 
I 
I ' 
I 


I I 
'I 
I, 
I' 
I I 
I 
I 
I 


'I 
, 
I 


, I 
I 
I 
I 
, 
I 
I 
I 


"11: -U.U003~: 
72: 
0.000133: 
H: 
-0.000038: 
74: 
0.00007&: 
75: 
-0.000400: 
76: 
0.000277: 
71: 
-0.000100: 
78: 
-0.000063: 
79: -0.000218: 
7A: 
0.00010': 
78: 
-0.000058: 
7C: -0.000009: 
7D: -0.000209: 
7£: 
0.000141: 
1F: -0.000683: 
dO: 
0.001293: 
81: 
-0.0002": 
62: 
0.000141: 
83: 
-0.000154: 
84: 
0.000131: 
85: 
-0.000300: 
86: 
O.OOODI: 
81: 
-0.000240: 
88: 
0.000239: 
aq: 
-0.000593: 
8A: 
0.000535: 
38: 
-0.00031>1: 
8C: 
0.000188: 
80: 
-0.000271: 
8£: 
-0.000059: 
8F: -0.000121: 
90: 
0.000374: 
91: 
-0.000145: 
92: 
0.000113: 
93: 
·O.OOOIS"': 
94: 
0.000154: 
95: 
-0.000219: 
96: 
0.0001'5: 
97: -0.000207: 
98: 
0.000136: 
99: 
-0.000326: 
9A: 
0.000236: 
91: 
-0.000161: 
'lC: 
0.סס OO70: 
90: 
-0.000345: 
9£: 
0.000IS3: 
9P: -0.000500: 
AO: 
0.000485: 
AI: -0.000349: 


0\2: 
O.OOOU': 
A3: -0.000374: 
A4: 
0.000215: 
A5: -0.000273: 
Ab: 
0.000138: 
A7: -0.000IS9: 
A8: 
0.000124: 
A9: -O.OOOl1S: 
M: 
0.000123: 
AI: -0.000142: 
AC: 
0.000086: 


I, ' 
'I 
I' 
I 
I 
, I 


" 
, I, ' 
", 
, , 
I' 
I 
I 
I 
I ' 
, I, ' 
I 
I 'I 
I,, 
I 
I 
', 
'I,,, 
, I 
I , 
, I 
I' 
, I 


I • 
, 
I 


, 


I ' 
I, ' 
• I 
I ' 
• I 
I' 
, I 


1* 
• 


AO:-0.000273: 
AI: 
0.000137: 
AF: -0.00019f: 
80: 
0.000366: 
II: 
-0.000211: 
12: 
0.000111: 
13: -0.000115: 
If: 
-0.000039: 
B5: -0.000088: 
16: 
0.000100: 
17: -0.000If7: 
18: 
0.000109: 
19: -0.000111: 
IA: 
0.000156: 
II: 
-0.000180: 
te: 
O.OOOOfl: 
ID: -0.00013f: 
II: 
0.000202: 
BF: -0.000561: 
CO: 0.002131: 
CI: -0.000301: 
el: 
0.000150: 
0: -0.000138: 
Cf: 
0.000206: 
C5: -0.000371: 
C6: 0.000377: 
C7: -0.0003f1: 
C8: 0.000272: 
C9: -0.000235: 
CA: -0.000105: 
eB: 
0.000091: 
cc: 
0.000203: 
CD: -0.000322: 
CI: 
0.000207: 
C,: -0.000187: 
DO: 0.000151: 
DI: -0.000250: 
D2: 0.000lf2: 
03: -0.000396: 
Df: 
0.000501: 
OS: -0.000362: 
16: 
0.000329: 
17: -0.000169: 
De: 0.000029: 
19: -0.000115: 
DA: 0.000186: 
DB:-0.000113: 
DC: -0.000010: 
DO:-0.000287: 
DI: 
0.000153: 
DF: -0.000331: 
10: 
0.000308: 
II: 
-0.000506: 


12: 0.000f09: 
13: -0.00018f: 
If: 
-0.000121: 


15: 
0.000020: 
16: 
0.000181: 
11: -0.000lf5: 
18: 
0.000210: 


I, ' 
, I 
I, 
I ' 
,, 


*1 
"I * 
, I 
I * 
, I 
I' 
• 
1 


* I 
I * 
* I, 
I 
, * 
I 
t 
I, 


t 
I 
* I 
*I * 
, I 
I ' 


inter 


E9: -0.000232: 
EA: 0.000136: 
£I: -0.000151: 
£t: 
0.000168: 
ED: -0.000212: 
E£: 
0.000195: 


£E: -0.000111: 
FO: 0.000115: 
FI: -0.000376: 
Fl: 
0.000208: 
F~: -0.000167: 
H: 
0.000078: 
F5: -0.000287: 
F6: 
0.000348: 
F7: -0.000231: 
F8: -0.000161: 
F9: -0.סס OO22: 
FA: 0.000265: 
FB: -0.000130: 
FC: 0.000167: 
FD: -O.OOOIH: 
FE: 0.000086: 
FF: -0.000880: 
100: 0.001348: 
101. -0.000334. 
102: 0.000236: 
103: -0.000222: 
104: -0.000030: 
105: -0.00012~: 
106: 
0.000008, 
107: -0.000068: 
108: 0.000266: 
109: -0.000265: 
lOA: 0.000136: 
lOB: -0.000078: 
IOC: 0.000069: 
100: -0.000260: 
lOB: 0.000H2: 
10F: -0.000352: 
110: 0.000142: 
Ill: 
-0.000H6: 
1I2: 
0.000292: 


113: -0.000150: 
114: 0.000003: 
115: -0.000Z63: 
116: 0.00017.: 
117: -0.000151: 
1I8: 
0.000078: 
119: -0.000120: 
IlA: 
0.000027: 
11.: -O.OOOIZO: 
Ile: 
0.000048: 


110: -0.000248: 
11£: 0.000192: 
IIF: -0.000455: 
120: 0.000535: 
IZ1: -0.000300: 
122: 0.000139: 
IZ3: -0.000088: 
124: 0.000H5: 


I 
I t 


t I 
I 
I 


I 
I 
I 
t 
t 
I 
I t 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I I 
I 
I 
I I 
I 
t 
I I 
'I, 
I 
I 
I 
I 
I 


II 
I 
II I 
I'It 
I 
I t 
II I 
I I 
I 
I I 
I 
I 
I 
I 
I I 
It 
I I 


I I,I, 
I 
I 
I 
I 
II I 
I'I t 
• 


121>: 0.000IQ3: 
127: -0.סס OO28: 
128: 0.000202: 
129: -0.000194: 
12A: 0.000192: 
128: -0.000114: 
12C: -0.00001>0: 
12D: -0.000148: 
121: 0.0000ta: 
12F: -0.000100: 
130: 0.000168: 
131: -0.000263: 
132: 0.000188: 
133: -0.000178: 
134: 0.000193: 
135: -0.000303: 
136: 0.000259: 
137: -0.000250: 
138: 
0.000436: 
139: -0.000228: 
13A:-0.000052: 
138: 0.000008: 
13C: 0.000271: 
13D: -0.000245: 
131: 0.000123: 
13': -0.000471: 
ltO: 
0.001823: 
W: 
-0.000033: 
1'2: 
0.000139: 
if3: 
-0.000132: 
144: 0.000199: 
145: -0.000231: 
lt6: 
0.000116: 
l47: -0.000051: 
148: 0.000217: 
lt9: 
-0.000271: 
14A: 0.000134: 
148. 
0.000060: 
ltC: -0.סס OO10: 
ltD: -0.000225: 
UI: 
0.000102: 
UF: -0.000207: 
150: 0.000168: 
151. -0.000191: 
152: 0.000133: 
153: -0.000171: 
154: 0.000170: 
155: -0.000239: 
156: 0.000056. 
157: -0.סס OO01: 
158: 0.000199: 
159: -0.000277: 
15A: 0.000110: 
158: -0.000074: 
ISC. 0.000104: 
15D: -0.000207: 
15£: 0.000160: 
15': -0.000226: 
160: 0.000138: 


I * 
* 
I 
, 
* 
* I 
*1 
* I 
1* 
* I 
I * 
I 
I * 
* 
I 
I • 
I 
I 
I 
I 


• I 
*1 
*I 
I 
I *I 
I 
*1 
I * 
* I 
I *, 
I * 
*1 
I * 
I 
I * 
1* 
* 
* 
I 
I * 
• 
II * 
• II * 
* 
I 
I *, 


1* 
*I * 
II· 
*'I * 
* I 
I * 
• II * 


intJ 


161: -U.000271: 
162: 0.000215: 
163: -0.000217: 
164: 
0.000226: 
165: -O.OOOfS.: 
166: 0.000147: 
167: -0.000119: 
168: 0.000173: 
169: -0.000158: 
16A: 0.000290: 
161: -0.000237: 
16C: 0.סס OO35: 
160: -0.000279: 
161: 
0.000073: 
16F: 0.000027: 
110: 0.000069: 
111: -0.000219: 
112: 0.000191: 
113: -O.OOOOM: 
17fl 
0.000101: 
175: -0.000192: 
176: 0.000065: 
171: -0.000025: 
178: 0.000164: 
119: -0.000301: 
17A: 0.000278: 
171: -0.000146: 
1'1C:-0.000001: 
no: -0.000193: 
111: 0.000178: 
17F: -0.000110: 
180: 0.000512: 
181: -0.000281: 
182: 
0.סס OO73: 
18J: -0.000060: 
1M: 
0.000135: 
185: -0.0002f7: 
186: 0.000100: 
187: -0.000103: 
188: 
0.000171: 
189: -O.OOOUt: 
18A: 0.00017.: 
18B: -0.000114: 
lac: 
0.000139: 
18D: -0.000329: 
181l: 0.000180: 
18F: -0.000116: 
190: 0.000448: 
I'll: -0.000395: 
192: -0.0000t6: 
193: -0.000003: 
194: 
0.000001: 


195: -0.000168: 
196: 0.000111: 
19'1: -0.000355: 
198: 0.000558: 
199: -0.000f05: 
19A: 0.000182: 
191: -0.000093: 
19C: 0.000265: 


I 
I " 
" ,, ", 
I 
" , 
I " 
" II 
I 
,"I 
," 
",", 
, " 
"'I " 
" I 
" 


,"", 
I " 
I 
I " 
" I 
I " 
I 
I " 
" , 
I " 
I, " 
" , 
I 
I 
"'" 
" 
" I, . 
I 
I 
I 


I 
• 
"'I 
• 


190: -0.000329: 
19£: -0,000018: 
19F: -0.000045: 
IAO: O.ooOlIO: 
U1: -0.0002": 
\A2: 0.00013'1: 
lA3: -0.סס OO91: 
lA4: -0.000041: 
lA5: -0.000210: 
\A6: 0.00016?: 
lA1: -0.סס OO51: 
IA8: 0.000163: 
lA9: -0.000158: 
1M: 
0.000114: 
UI: 
0.סס OO24: 
lAC: 0.000028: 
lAD: -0.000240: 
U£: 
0.000110: 
UF: 
0.000189: 
110: -0.000014: 
111: -0.000229: 
112: 0.000134: 
113: -0.000015: 
114: 0.סס OO18: 
185: -0.000135: 
116: 0.סס OO41: 
181: 0.000053: 
118: -0.000040: 
119: -0.000060: 
1IA: 0.000200: 
III: 
-0.000031: 
lie: 
-0.000024: 
110: -0.000169: 
11£: 
0.000088: 
liP: 
0.000013: 
lCO: 0.001412: 
ICI: -0.000118: 
IC2: 
0.000118: 
IC3, -0.000132: 
IC4: 
0.000203: 
Its: 
-0.000248: 
IC6: 0.000212: 
IC1: -0.000144: 
IC8: 0.000258: 
IC'l: -0.000309: 
ICA: 0.סס OO28: 
ICI: 
0.0000(,6: 
ICC: 0.000133: 
ICD: -0.000250: 
ICE: 0.000083: 
ICF: -0.000002, 
100: O.ooOIM: 
101: -0.000269: 
112: 0.000102: 
113: -0.000051: 
ID4: 0.000168: 
IDS: -0.000210: 
106: 0.000001: 
181: 0.000115: 
108: 0.000064: 


", . 
I 
I • 
'I 
'1 
, I 
I ' 
'I 
I• 
, I 


1 •,,, 


I ' 
I • 
• 
* I 
I * 
*1 


* , 
I' 
1* 
'I 
*1 
I * 
*1 
* 
* 
I 
1* 
*I 
* I 
I * 
* I 
I • 
I 
I • 
* II 
I 


1* 
I • 
I 
1* 
*I * 
I 
I * 
*1 
I • 
* I 


109: 
-0.000256: 
IDA: 
0.000086: 
101: -0.000008: 
IDe: 
0.000042: 
IDD: -0.000101: 
IDE: 
O.OOOUS: 
lDF: -0.000013: 
110: 
O.OOOOSO: 
1£1: -0.000396: 
1£2: 
0.000231: 
113: 
-0.000279: 
1M: 
O.ooo30S: 
IES: -0.00023S: 
116: 
0.000233: 
117: -0.000039: 
118: 
0.000140: 
1£9: 
·O.OOOfSf: 
llA: 
0.00029S: 
1£1: -O.OOOIOf: 
lee: 
0.000031: 
1£0: -0.000208: 
IU: 
-0.000063: 
liP: 
0.000209: 
IPO: 
0.000041: 
IFI: 
-O.00022S: 
IF2: 
0.00009f: 
IF3: 
0.000023: 
Iff: 
0.00002S: 
IFS: -0.00006f: 
IP6: 
-0.000011: 
In: 
O.OOOISO: 
IF8: 
-0.000031: 
IF9: 
-0.000186: 
lFA: 
0.000116: 
IFI: 
-0.000038: 
IFe: 
0.000013: 
IFD: -0.000222: 
lFE: 
0.000090: 
IFF: -0.000611: 
200: 
O.OO~: 
201: 
-0.000223: 
202: 
0.000196: 
203: 
-0.0002f9: 
20f: 
0.000099: 
20S: -0.0000f8: 
201>: 0.000070: 
201: 
-0.000189: 
208: 
-0.000011: 
209: 
-0.000301: 
20A: 
O.OOOf29: 
201: 
-0.000201: 
2OC: -0.00008S: 
200: 
-0.000109: 
201: 
-O.oooolf: 
2or: 
-0.000197: 
210: 
0.ooof20: 
211: 
-0.000332: 
212: 
0.000142: 
213: 
-0.000016: 
214: 
0.00027S: 


f,t 


t 
't 
t I 
It 
t,t 
I 
I 
I 
I 
I 


f 
tf 
I t 
I 
I 
t I 
t 


t 
I 
tt 
I 
t 
It 


t 
I 
It 
t 


t 
1 
I t 
tl 
It 


t 
I 
It 
I 
I 
t 
I 
I 
t 
I 
, t 
tl,t 


t 
I 
t 
I 
I 
t 
I 
tl 
t I 
tl 


t 
I 
I 
II t 
tl 
I 
• 


1I5: ·0.000~09: 
l16: 
0.000\59: 
217: -0.0000!l6: 
218: 
0.000026: 
219: -0.000200: 
214: -0.000012: 
218: 
0.000082: 
UC: 
0.000379: 
210: -0.000487: 
2\B: 
0.000199: 
21F: -0.000551: 
220: 
0.000536: 
221: -0.000267: 
222: 
0.000167: 
223: -0.000142: 
224: 
0.000111: 
225: -0.000151: 
226: 
0.000040: 
227: -0.000104: 
228: 
0.000333: 
229: -0.000305: 
220\: 0.000125: 
228: -0.000026: 
22C: 0.000065: 
22D: -0.000182: 
22£: 
0.000260: 
22F: -0.000362: 
230: 
0.000374: 
231: -0.000245: 
232: 
0.000281: 
233: -0.000276: 
234: 
0.000223: 
235: -0.000173: 
231>:-0.000079: 
231: 
0.000098: 
238: 
0.000180: 
239: -0.000481: 
230\: 0.000359: 
238: -0.0001f3: 
2X: 
0.000161: 
23D: -0.000188: 
23£: 
0.000104: 
23F: -0.0005681 
240: 
0.001646: 
2U: -0.000170: 
242: 
0.000226: 
243: -0.000170: 
244: 
0.000133: 
245: -0.000295: 
246: 
0.000305: 
241: -0.000255: 
248: 
0.000187: 
249: -0.000053: 
240\: 0.000090: 
2f,: 
-0.000091: 
2fC: 
0.000255: 
240: -0.000233: 
24£: 
0.000108: 
24': -0.0000!l6: 
250: 
0.000273: 


I 
I ' 
'I• 
• 
I 
• 
I' 
I 
I 
I t 
• 
I 
I 
I 
I t 


• II t 
• IIt 
• II 


1 
I t 
•It 
• 
I 


1 
I 
I 


1 
I 
I 
I t 
• I 
tl,. 


1 , 
I 
I 
• I 
I t 
t 
I 
I t, 
I 
t 
I 


1 t 
t 
I 
I t, 
I 
I 
I t 
.,,. 
tl 
I 


1 
I t 
tl 
I 


inter 


251: 
-0.000353: 
252: 
0.0001'H: 
253: 
-0.000192: 
254. 
0.000350: 
255: 
-0.000258: 
2(,6: 
0.ooolt9: 
257: 
-0.000108: 
258: 
0.סס OO50: 
259: 
-0.000120: 
254. -0.ooooa5: 
258: 
0.000087: 
2!lC: 
0.000130: 
250: 
-0.000192: 
25£: 
0.000002: 
25P: -0.000069: 
260: 
0.000113: 
261: 
-0.000280: 
262: 
0.000212: 
263: -0.0001291 
264: 
0.000107: 
265: 
-0.000198: 
266: 
0.000234: 
267: -0.000203: 
268: 
0.000128: 
269: 
-0.000259: 
26A: 
0.000106: 
268: 
-0.000048: 
26C: -0.סס OO24: 
261: 
-0.000166: 
261: 
0.000223: 
261: 
-0.000167: 
270: 
0.000102: 
271: 
-0.000196: 
272: 
0.000077: 
273: 
-0.000043: 
274: 
0.000035: 
275: 
-0.000272: 
276: 
0.000174: 
277. 
-0.000003: 
278: 
-0.000126: 
279: -0.000103: 
27A: 
0.000109: 
27': 
-0.000063: 
27C: 
0.000216: 
278: 
-0.000465. 
271. 
0.000379: 
27F: -0.000262. 
280: 
0.000635. 
281: 
-O.OOOOlt: 
282: 
0.000193: 
283: 
-0.000476: 
284: 
0.000..,4: 
285: -0.000297: 
286: 
0.ooolt9: 
287: -0.000166: 
288: -0.000011: 
289: 
-0.000087. 
28A: 
0.000101: 
288: 
-0.000069: 
28C: -0.000125: 


I 
I • 
_ I 


I 
II _ 
_I 
I_ 
_ I 


_I 
I_I _ 


• 
1 
-,I _ 


1I _ 


• I 
I • 
• I1 
• I 
I • 
I 
I· 
·1 
• 
• I 
I • 
_ I 
I _ 


t 
I 
It 
tl 
It 
II 
t 


_ 1 


t 
1I _ 


-tI _ 


I 
I 
I 
I 
I _ 


I 
I 
1I _ 


t 
1 


_II _ 


_I_I 
• 


inter 


280: 
-0.000032: 


28£: 
o.oooon: 
28F: 
-0.000164: 
290: 
0.000070: 
291: 
-0.000136: 
292: 
0.000062: 
293: 
-0.000183: 
2~: 
0.000166: 
29S: -0.000273: 
296: 
0.000133: 
297: 
-0.000076: 
298: 
0.00004S: 
299: 
-0.000234: 
29A: -0.000066: 
291, 
0.000072: 
29C: 
0.000123: 
29D: -0.000304: 
291: 
0.000137: 
29': 
-0.000206: 
240: 
0.000196: 
241: 
-O.OOOISO: 
2Al: 
0.000181: 
2A3: -0.000160: 
244: 
0.000106: 
24S: 
-0.000262: 
20\6. 
0.00016'/: 
ZA7: -0.000Il3: 
2A8: 
0.000193: 
ZA9: -0.000283: 
2U, 
-0.000117: 
248: 
0.0001~3, 
2AC: 
0.000140: 
1..\D: -0.0002IS: 
2AK: -0.000044, 
ZA': 
0.000047: 
210: 
0.000028: 
211, 
-0.000322: 
282: 
0.000207: 
283: 
-0.000082, 
214, 
0.00012S: 
21S: -0.000239: 
216: 
0.000078: 
287: 
0.סס OO17: 
218: 
0.000128: 
219: 
-0.000179: 
2IA: 
0.000101: 
211: 
-0.000071: 
21C: 
0.0003S9: 
28D: -0.000248: 
21&: 
O.OOOOSf: 
ZIF, 
0.000079: 
2CO: 
0.001402: 
2Cl: 
-0.000261, 
2C2: 
0.000127: 
2C3: -0.000113, 
2e4: 
0.000268: 
2CS: -0.000143: 
2C6: 
0.000007, 
2C7: 
0.000027: 
2e8: 
0.000243: 


It 


, 
1 
I' 
, 
1 
I' 
, 
1 
I 
t 
I 
I t 
tl 
It 
I 
tl 
It 
I t 
I 
1 t 


t 
I 
I ' 
t I, ' 
,, 
I ' 
1 
1 
t 
t 
1 
I ' 
1 
t 
1 
I 
t 


1 ' 
t 
I 
tl 
It 
t 


1I 
t 
tl 
I 'I 
It 
t 
I ' 
t 
I 
I t 
tl 
I, 
I' 


"I 


1 
, t 


t 
1 
I,, 


t 


t 


lC'l: -0.0003IZ: 
ZCA: 0.000040: 
zel: 
0.000043: 
lCC: 
0.000164: 
ZCo: -0.000183: 
ZCI: -0.סס OO2\: 
2CF: -0.000126: 
210: 
0.000365: 
201: -0.000336: 
2»2: 
0.000091: 
203: -0.0001t3: 
204: 
0.000220: 
2OS: -0.000288: 
2P6: 
0.0002511 
201: 
0.000001: 
208: -0.000069: 
209. -0.000222: 
2.A: 
0.000336: 
20.: -0.000011: 
2PC: 0.000122: 
2Dt: -0.000S40: 
201: 
0.000384: 
20F: -0.000122: 
2£0: -0.000134: 
211: -0.000114: 
212: 
0.סס OO13: 
2131 -0.000040: 
214: -0.000188: 
215: 
0.000033: 
216: 
0.000113: 
21'1: -0.000049: 
218: 
0.000019: 
219: -0.000234: 
2b: 
0.000116: 
2£8: -0.000211: 
2IC: 
0.000200: 
ZED:-0.000114: 
211: 
0.000042: 
2BF: -0.000086: 
2FO: 0.000063: 
2FI. -0.000160: 
2F2: 
0.000121: 
2F3: -0.000134. 
2F4: 
0.000058: 
2'5: 
-0.000211: 
2'6, 
0.000104: 
2F1: -0.000031: 
2f8: -0.000134: 
2'9: -0.000083. 
2FA: -0.סס OO05: 
Z,.: 
-0.000026: 
2FC: 0.000093: 
2FP: -0.000015. 
2F1: -0.000090: 
2Ff: 
0.000510: 
300: 
O.OOOGB: 
301: -0.000301: 
302. 
0.000133. 
303: -0.000116: 
3041 0.000032: 


,,t 
/t 
I 
t 


t 
I 
t 
t 
,, 
I,t 


t , 


, 
t,, 
t, 


t I,t, 
, t 
I 
I 
t I 
t I 
t I,tt, 


t 
I 
It 
I 
t 
"I 


I 
I 
t 
I 
I 
t 
t 
I,tt, 
/t 
t I 
, t 


" IIt 
* I 
I * 
* 
* I 
*1 
* 
*1* 
t 


*1 
I 
*I 
I * 
t I 
* 


• 


JO~: -0.000166: 
306: 
0.000148: 
307: -0.000214: 
303: 
0.000217: 
309: -0.000323: 
30&: 0.000205: 
30B: -0.000125: 
3OC: 0.000172: 
300: -0.000224: 
301: 
0.000131: 
JOF: -0.000lf8: 
310: 
0.0001f8: 
311: -0.000333: 
312: 
0.000249: 
313: -0.000134: 
31f: 
0.000035: 
315: -0.0002U: 
316: 
O.OOOIU: 
317: -0.000051: 
318: 
0.00009f: 
319: -0.000189: 
3lA: 
0.000010: 
31B: -0.000012: 
31C: 0.000158: 
310: -0.000233: 
311: 
0.000096: 
31P: -0.000286: 
320: 
0.000113: 
321: -0.000229: 
322: 0.000131: 
3l3: -0.000112: 
324: 
0.000086: 
325: -0.000205: 
326: 0.000183: 
321: -0.000116: 
328: -0.0000!l4: 
329: -0.000096: 
32&: 0.000149: 
328: -0.000114: 
32C: 0.001180' 
320, -0.000156, 
321: 
0.000086, 
32F: -0.000081: 
330: 
0.000352: 
331: -0.000245, 
332: 
0.000125: 
333: -0.000064: 
334: 
0.000210: 
335: -0.000240: 
331>: 0.000116: 
331: -0.000001: 
338: 
0.000027: 
339: -0.000190: 
33A: -0.0סס oo1: 
33B: 0.000048: 
33C: 0.000128: 
33D: -0.000332: 
33£: 0.000222: 
33F: -0.000265: 
340: 
0.001127: 


• 
I 
, I 
• I 
I 
I 
II 
I 
I , 
I 
I 
I 
, 
I I 
I 
I I 
I, 


I I 
'II 
, I 
I''I· ,,. 


I 
I I 
I,I 
I 
, 
I 


I 
I 
, I 


• I'I 
I 
, 
I 
I 
I I 
I'I', I 


• II 
• I'II'I 
I 
, I 
I'I, 
I I 
I 
· ,I 
'I 
, I 
I 
I • 
I, 


inter 


341: 
-0.0003S2: 
342: 
0.000111: 
Ji3: 
-0.000281: 
344: 
0.000340: 
345: 
-0.000116: 
3.6: 
-0.סס OO'19: 
Ji7: 
0.000078: 
Ji8: 
0.000241: 
Ji9: 
0.000031: 
:ItA: -0.000181: 
Jil: 
-O.ooooeo: 
3tC: 
O.OOO28S: 
3fD: -0.000360: 
3f£: 
0.0001110: 
3.': 
0.סס OO50: 
350: 
0.סס OO02: 
3M: 
-0.000219' 
3S2: 
0.000092: 
353: -0.000083: 
354: 
0.000366: 
3SS: -0.000302: 
356: 
0.000188: 
3S1: 
0.000024: 
3S8: -0.00012S: 
3S9: -0.00021S: 
3!i4: 
0.0000 •• : 
3S1: 
0.000026: 
35C: 
0.סס OO11: 
3SD: -0.000315: 
3S£: 
0.000218: 


3SF: -O.OOOCH.: 
360: 
-0.OOOll2: 
361: -0.000169: 
362: 
0.000062: 
363: 
-0.000132: 
364, 
0.000121: 
36S: -O.OOO23S: 
366: 
0.000109: 


367: -0.00006t: 
368: 
0.000IS1: 
369: 
-0.000121: 
36A: 
0.סס OO21: 
361: 
-0.000109: 
36C: -0.00000.: 
36D: -0.000294: 
361: 
0.000231: 
36F: -0.000030: 
310: 
O.OO006S: 
311: 
-0.000268: 
312: 
0.00011.: 
313: 
-0.000050: 
374, 
0.000017: 
37S: -0.000210: 
316: 
O.סס OO48: 
317: 
0.000111: 
318: 
-0.000073: 
3191 -0.000186: 
31A: 
0.000135: 
311: 
-0.סס OO20: 
31C: 
0.סס OO201 


I 
I * 
I 
I 
I I 
*1'II 
1* 
* I 
*1 
I 
I 
I * 
,I 


* 
* 
, 
1* 
*1 
I 
I 
I * 


* I 
* III 


I 
I 
*1 
* I 
* I 
1* 
* I 
I * 
I 
I * 
*1 
I * 
I I 


* 
* II 


1* 
I 
I • 
*1 
1* 
* 
I'II * 
*1 
* 
I 
I * 
• 
* 


• 


inter 


31D: -0.000158: 
' I 
371: 
-0.000Il7: 
, I 


37F: 
0.U00509: 
I 
380: -0.000187: 
t 
I 
381: 
-0.000301: 
I 
382: 
O.OOOU.: 
I 
383: 
-0.000066: 
tl 
38f: 
0.000016: 
t 


38~: -0.000098: 
tl 
386: 
0.000121: 
1 t 
387: -0.000090: 
tl 


388: -0.000072: 
tl 
389: 
-0.000226: 
t 
1 
38A: 
0.000078: 
It 
38': 
-0.000107: 
' I 
38C: -0.000009: 
t 


38D: -0.000202: 
, I 
38£: 
0.000292: 
I 
38': 
-0.00029.1 
I 
390: 
0.000298: 
1 
391: 
-0.000~72: 
I 
392: 
0.000375: 
I 
393: 
-0.000192: 
, I 
39.: 
0.000265: 
1 
395: 
-0.0002.5: 
I 
396: 
-0.000019: 
, 


397: 
0.000076: 
It 
398: 
0.00010.: 
I t 
399: 
-0.000252: 
, 


39A: 
O.OOOlta: 
1 t 
391: 
-0.000075: 
" 
39C: 
0.0002f3: 
1 
39D: -O.OOOl88: 
I 
391: 
0.000lf7: 
I t 
39F: -0.000093: 
" 
JAO: 
0.000151: 
I ' 
JAI: 
-0.000219: 
, 1 
3A2: 
0.סס oo7.: 
I' 
363: 
-0.000066: 
'I 
3A.: 
0.0002.5: 
1 
JA5: -0.000101: 
, I 


3A6: -0.00011.: 
, I 
31.7: 
0.000038: 
I' 
3A8: 
0.0000.7: 
It 
3A9: -0.000286: 
1 
3M: 
0.000150: 
I ' 
JAI: 
-0.סס OO39: 
'I 
JAC: 
0.000052: 
I' 
3AO: -0.000079: 
'I 
JAI: 
0.000003: 
, 


3": 
0.000036: 
I' 
310: -0.000067: 
'I 
311: -0.000262: 
I 
312: 
0.000178: 
I , 


313: -0.000095: 
" 
3•• : 
0.0002.2: 
I 
315: 
-0.0003": 
I 
316: 
0.000216: 
I 
t 
317: 
0.0סס oo.: 
, 


318: -0.000152: 
, 1 
270365-A2 


inter 


319: -0.000106: 
3IA: 
0.000187: 


311: -0.000069: 
31t: 
0.00007~: 
31.: -0.000020: 
3IE: 
O.oooIU: 


3IF: 
0.000170: 


3CO: 0.00073~: 
Jel: 
-0.000359: 


3C2: 0.000248: 
3C3: -0.0סס OO5: 
:le4: 
0.000310: 


.lC5: -0.000274: 
3C6: 0.000139: 
:lC7: -0.0001ll: 
:le0: 
0.00025t: 


Je9: -0.000100: 
30: 
0.000127: 


.!Ct: -O.OOOUO: 
JeC: 
0.000093: 
:le.: -0.0001l~: 
:lei: -0.000060: 
:lCF: -0.00סס oo: 
300: 
0.000140: 
3DI: -0.000171: 
302: 
0.0000t5: 
383: -0.000176: 
3•• : 
0.000126: 


JD5: -0.000131: 
306: 
0.000109, 


307: -0.OOOlt5: 
300: 
O.ooozee: 


389: -0.000253: 
30A: 0.000159: 
3D.: -0.OOOlt5: 
31e: 
0.000D59: 


3D.: -0.ooooe5: 
3JlE: 0.סס OO70: 
3DF: 0.000103: 
310: -0.00015~: 
311: -O.ooOUO: 
3IZ, 
0.000003: 
313: 
0.00000II: 


314: 
0.000234: 


315. -O.ooOZll: 
316: 
0.000160: 


317: -0.000043: 
310: -0.000103: 
3£9: -0.0סס oo5: 
3IA: 
0.000162: 


3D: -0.סס OO70, 
3IC: 
0.000090: 


3E11:-0.000200: 
311: 
0.000096: 


31F: 
0.000049: 


3FO: -0.000230: 
3FI: -0.000091: 
3FZ: 0.סס OO29: 
3F3: -0.000D5f: 
3Ft:0._7: 
3F5: -0.000196: 
3F6: 
0.000126: 
3n: 
-0.0ססoo2. 


3FO: 0.סס OO31: 
3n: 
-0.000276. 
3,.: 
0.סס oo56. 


3Ft, 
0.ooooe7: 


3Ft, 
0.סס OO73: 
3FD, -0.000237. 
3Ft: 
0.000111: 
3FP, 0.סס OO00: 


I' 
, I 
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I' 
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• 


yel.· 
-0.0020 
I 
0: 
0.001014: 
1: 
0.001115: 
2: 
0.001115: 
3: 
0.001115: 
4: 
0.001215: 
5: 
0.001015: 
6: 
0.001015: 
1: 
0.001215: 
8: 
0.001215: 
9: 
0.001115: 
A: 0.001015: 
I: 
0.001075: 
C: 
0.001275: 
D: 0.001075: 
I: 
0.001015: 
f: 
0.001115: 
10: 
0.001215: 
11: 
0.001115: 
12: 
0.001115: 
13: 
0.001015: 
14: 
0.001115: 
15: 
0.001175: 
16: 
0.001l15: 
17: 
O.OOIl15: 
18: 
0.001l15: 
19: 
0.001075: 
lA: 
0.001015: 
11: 
0.001275: 
lC: 
0.001215: 
1D: 0.001175: 
11: 
0.001115: 
If: 
0.001215: 
20: 
0.001215: 
21: 
0.00ll15: 
22: 
G.001l15: 
23: 
0.0012'75: 
24: 
0.0012'75: 
25: 
0.001l15: 
26: 
0.001215: 
27: 
0.001215: 
28: 
0.001115: 
29: 
0.001315: 
U: 
0.0012'75: 
21: 
0.001115: 
2C: 0.001115: 
21: 
0.001l15: 
21: 
0.001315: 
2': 
0.001075: 
30: 
0.001115: 
31: 
0.001075: 
32: 
0.001075: 
33: 
0.0009'15: 
34: 
0.001275: 


1111' 
• 0 - 
0.0020 
1 
. 
,. 


Repeatability 
Error, SN = 4130 


6-288 


inter 


35: 
0.001175. 
36: 
0.001075: 
37: 
0.0012'15: 
38: 
0.001075: 
39: 
0.001275: 
:lA: 
0.001275: 
31: 
0.001175: 
3C: 0.001175: 
3D: 0.001175: 
31: 
0.001175: 
3F: 
0.001375: 
40: 
0.001275: 
41: 
0.001275: 
42: 
0.001075: 
43: 
0.001075: 
44: 
0.001275: 
.5: 
0.001175: 
f6: 
0.001175: 
47: 
0.001075: 
48. 
0.001175: 
.9: 
0.001175: 
fA: 
0.001175: 
fI: 
0.001275: 
4e: 
0.001375: 
40: 
0.001075: 
4£: 
0.001375: 
4F: 
0.001075. 
50: 
0.001175: 
51: 
0.001175: 
52. 
0.001175: 
53: 
0.000975: 
!>4: 0.000975: 
55: 
0.001075: 
56: 
0.001175: 
57: 
0.001275: 
58: 
0.001275: 
59. 
0.001175. 
5A: 0.001075: 
51: 
0.001075: 
!ie: 0.001275: 
50: 
0.001075: 
5£: 
0.001175: 
5F: 
0.001175: 
60: 
0.000975: 
61: 
0.001075: 
62: 
0.001075: 
63: 
0.001275: 
64: 
0.001275: 
65. 
0.001075: 
66: 
0.001175: 
67: 
0.001375: 
68: 
0.001075: 
69: 
0.001075: 
6A: 0.001075: 
68: 
0.001175: 
6C: 0.001175: 
6D: 0.001175: 
61: 
D.001l75: 
6F: 
0.001075: 
70: 
0.001075: 
• 


inter 
Ap·406 


71: 
0.001375: 
72: 
0.001175: 
73: 
0.001175: 
7t: 
0.001175: 
75: 
0.00\175: 
76: 
0.001175: 
77: 
0.001275: 
78. 
0.001175: 
79. 
0.001275: 
7,.. 
0.001375: 
71. 
0.001375. 
7C: 0.001375: 
70: 
0.00137S: 
71. 
0.001175: 
7F. 
0.001075. 
80. 
0.001275: 
81: 
0.001175: 
82: 
0.00127~: 
83: 
0.001275. 
8t. 
0.001075. 
85. 
0.001175. 
86: 
0.001175: 


87: 
0.001275. 
88: 
0.001075: 
89: 
0.001075. 
8A: 0.001075: 
88: 
0.001075: 
8C: 0.001075: 
80: 
0.001175. 


81: 
0.001075: 


8F: 
0.001175. 
90. 
0.001175. 
91: 
0.001175. 
'l2. 
0.001275: 
93: 
0.001175: 
94. 
0.001075: 
95: 
0.00lt75: 
96: 
0.001275: 


9": 
0.001075. 
'18: 0.001175: 
9'1: 0.001175: 
9A: 0.001275. 
91. 
0.001175: 
9C: 0.001175: 
9D: 0.0012'15. 
91: 
0.001275: 
9F. 
0.00lt75: 
AO: 0.001075. 
AI: 
0.001175. 
1.2. 0.00107~: 
A3. 0.001275. 
At: 
0.001075: 
AS. 0.001175: 
1.6. 0.001275: 
A7: 0.001375: 
A8: 0.001375: 
A9: 0.001075. 
AA: 0.001175: 
AI: 
0.001075: 
AC: 0.001075: 


"nter 


~O: 0.001075: 
AE: 0.OOH75: 
AF: 0.001075: 
10: 
0.001075: 
11: 
O.00ll75: 
12: 
0.001275: 
BJ: 
0.001275: 
h: 
0.000975: 
B5: 0.OOH7S: 
86: 
0.001075: 
'7: 
0.00H7S: 
88: 
0.001275: 
89: 
0.001275: 
IA: 
0.00H75: 
BI: 
0.OOH7S: 
Be: 0.001075: 
BO: 0.00H75: 
BE: 0.00H75: 
IF: 
0.OOH75: 
CO: 0.001275: 
C1: 0.001275: 
el: 
0.001075: 
CJ: 
0.000975: 
Cf: 
0.001175: 
CS: 0.00H7S: 
co: 
0.001175: 
C7: 0.001275: 
U: 
0.001175: 
C9: 0.00H75: 
CA: 0.001075: 
CI: 
0.0013'/5: 
CC: 0.001275: 
CD: 0.001275: 
CE: 0.001175: 
CF: 0.001275: 
00: 
0.00H75: 
01: 
0.001075: 
02: 
0.001275: 
OJ: 0.001275: 
Of: 
0.001175: 
OS: 0.00H75: 
06: 
0.001075: 
07: 
0.001275: 
DIl: 0.001175: 
09: 
0.001275: 
OA: 0.00ll75: 
01: 
0.001175: 
DC: 0.001275: 
DO: 0.001275: 
DE: 0.001275: 
OF: 0.001275: 
EO: 0.001175: 
II: 
0.000975: 
12: 
0.001275: 
E3: 0.001175: 
If: 
0.001175: 
E5: 
0.001075: 
ge: 
0.001175: 
E1: 
0.001175: 
£8: 
0.001175: 
• 


19: 
0.001375: 
EA: 0.001175: 
D: 
0.001115: 
Ee: 
0.001075: 
ED: 0.001375: 
II: 
0.001375: 
IF: 
0.001275: 
FO: 0.001175: 
F1: 
0.001175: 
F2: 
O.00117S: 
F3: 
0.001275: 
F.: 
0.001175: 
F5: 
0.001275: 
F6: 
0.00107S: 
F7: 
0.001375: 
F8: 
0.001075: 
F'l: 
0.001375: 
FA: 0.001275: 
FI: 
0.001175: 
FC: 0.001275: 
po: 
0.001275: 
n: 
0.001275: 
FF: 
0,001275: 
100: 
0.001075: 
J01: 
0.001175: 
102: 
0.001275: 
103: 0.001075: 
104: 
0.001075: 
105: 0.001l7S: 
106: 0.001175: 
107: 0.001175: 
108: 
0.001275: 
109: 
0.001375: 
IDA: 0.001275: 
108: 0.001075: 
IOC: 0.001075: 
100: 0.001175: 
10£: 0.001175: 
lOP: 0.001275: 
liD: 
0.001275: 
111: 0.001075: 
112: 0.001075: 
113: 0.001175: 
114: 
0.001175: 
115: 0.001175: 
116: 0.001175: 
11'1: 0.001375: 
118: 
0.001275: 
119: 0.001275: 
11.: 
0.00117S: 
118: 0.001175: 
lie: 
0.001175: 
110: 0.001175: 
11£: 
0.001175: 
IIF: 
0.001175: 
120: 0.001275: 
121: 0.001175: 
122: 0.001175: 
123: 0.001115: 
12.: 
0.001115: 


inter 


1~5: 0.oo1l7~: 
121>: 0.OU1I75: 
127: 0.001275: 
121: 0.001075: 
129: 0.001175: 
1lA: 
0.001275: 
121: 0.001175: 
12C: 0.001175: 
lZD. 0.001275: 
121: 0.001075. 
12F: 0.001275: 
130: 0,001175: 
m: 
0.001175: 
132: 
0.001075: 
133: 0.001075: 
134: 0.001275: 
135: 0.001275: 
136: 0.001275: 
137: 0,001075: 
138: 0.001175: 
139: 0.001275, 
13A: 0.001175: 
131: 0.001275: 
131:: 0.001175: 
130: 0.001175: 
131: 0.001275: 
13F: 0.001075: 
UO: 
0.001075: 
HI: 
0.001075: 
U2: 
0.001075: 
1.3: 
0.001075: 
1•• : 
0.001175: 
US: 
0.001275: 
1f6: 
0.001375: 
147, 0.001375, 
HI: 
0.001275: 
H9: 
0.001275: 
lU: 
0.001275: 
UI: 
0.001275: 
UC. 
0.001375: 
uo: 
0.001375: 
UI: 
0.001175: 
HF: 
0.001175: 
150: 
0.001l75: 
151: 0.001275: 
152: 
0.001375: 
153: 0.001275: 
15f: 
0.001275: 
155: 
0.001175: 
156: 0.001175: 
157: 0.001275: 
158: 0.001175: 
159: 0.001175: 
1SA: 0.001175: 
158: 0.001275: 
1st: 
0.001175: 
150: 
0.001375: 
15£: 
0.001275: 
ISP: 
0.001375: 
160, 
0.001375: 


161: 
0.04127S: 
162: 
0.041l7S: 
163: 
O.OOll7S: 
16t: 
O.OOI21S: 
16S: 
0.04Jl7S: 
166: 
0.OO1l7S: 
167: 
0.00J31S: 
168: 
0.OO137S: 
169: 
0.04141S: 
lllA: 
0.OOlJ1S: 
161: 
0.00101S: 
16C: 
0.OOI21S: 
160: 
0.OOI27S: 
16£: 
0.OOJl7S: 
16F: 
0.04Jl1S: 
170: 
0.04127S: 
171: 
0.OOI27S: 
172: 
0.04lJ7S: 
173: 
O.OO1l7S: 
174: 
O.OO127S: 
17S: 
0.00127S: 
176: 
O.OO127S: 
177: 
0.OO1l7S: 
170: 
0.OOI27S: 
179: 
0.00127S: 
174: 
O.OOI07S: 
171: 
O.OOI27S: 
17C: 
0.00lJ7S: 
110: 
O.OOI27S: 
17£: 
O.00107S: 
17F: 
0.00127S: 
ISO: 
O.04127S: 
101: 
O.04l37S: 
182: 
0.04137S: 
103: 
O.00127S: 
104: 
O.OOI37S: 
10S: 
0.00127S: 
186: 
0.OO107S: 
107: 
O.OOI07S: 
188: 
0.04127S: 
109: 
O.041l7S: 
lOA: 
O.OOlJ7S: 
181: 
0.04127S: 
18C: 
0.OOI27S: 
18D: 
0.00127S: 
18£: 
O.ooU'/S: 
18F: 
O.00127S: 
190: 
O.OOlJ7S: 
191: 
0.04127S: 
192: 
O.OO1l7S: 
193: 
O.04ll7S: 
194: 
0.OOI07S: 
19S: 
0.001375: 
196: 
0.00127S: 
191: 
O.OOlJ7S: 
198: 
O.04ll'/S: 
199: 
O.00131S: 
19.: 
O.00137S: 
191: 
O.00127S: 
191:: 
0.04U75: 


19D: 0.00Il15: 
19£: 0.001215: 
19F: 0.001215: 
ilO: 
0.001215: 
lAl: 
0.001215: 
142: 0.001315: 
10: 
0.00lt15: 
lA.: 
0.001215: 
US: 
0.001015: 
il6: 
0.0011"/5: 
1A7: 0.001275, 
1A8: 0.001175: 
U9: 
0.001375: 
1•• : 
0.001275: 
1A1: 0.001275: 
lAC: 0.001175: 
lAD: 0.001175: 
UIl: 
0.001175: 
UFo 0.001115: 
110: 0.001075: 
lBI: 
0.001375: 
112: 0.000975: 
113: 0.001175: 
184: 0.001015: 
liS: 
0.001315: 
116: 0.001315: 
111: 0.001175: 
118: 
0.001175: 
II'l: 
0.001375: 
leA: 
0.001115: 
III: 
0.OOlt75: 
lie: 
0.001115: 
lBD: 0.001215: 
1J1l: 0.001115: 
II': 
0.001115: 
lCO: 0.001175: 
lCI: 
0.001175: 
IC2: 0.001175: 
IC3: 0.001275: 
lC.: 
0.001375: 
IC5: 0.001275: 
IC6: 0.001175: 
IC1: 
0.001115: 
IC8: 0.001375: 
IC9: 0.001175: 
lCA: 0.001015: 
ICI: 
0.001075: 
Ice: 
0.001275: 
lCO: 0.001375: 
ICIl: 0.001275: 
ICF: 0.001075: 
lDO: 0.001115: 
101: 0.001215: 
102: 0.001275: 
113: 0.001275: 
Ih: 
0.001215: 
IDS: 0.001275: 
116: 
0.001275: 
117: 
0.001175: 
108: 0.001275: 


IDA: 0.001275: 
IDI: 
0.001175: 
IDC: 0.001175: 
IDD: 0.0012751 
IDE: 0.001175: 
UP: 
0.001375: 
110: 0.001375: 
III: 
0.001075: 
112: 0.001275: 
113: 0.001175: 
IE.: 
0.001175: 
1£5: 0.001275: 
116, 
0.001175: 
117: 
0.001275: 
118: 
0.001175: 
119: 
0.001175: 
lEA: 0.001175: 
lEi: 
0.001075: 
1BC: 0.001275: 
110: 0.001275: 
1ft: 
0.001115: 
lIP: 
0.001275: 
lPO: 0.001375: 
IPI: 
0.001075: 
IF2: 
0.001175: 
IF3: 
0.00157.: 
IP.: 
0.001275: 
IPS: 
0.001175: 
IP6: 
0.001175: 
In: 
0.001275: 
IFI: 
0.001175: 
IF9: 
0.001175: 
IFA: a.OOH75: 
IFl: 
0.001275: 
IFC: 0.001175: 
lPB: 
0.001175: 
IFE: 0.001275: 
IFF: 
0.001275: 
200: 
0.001275: 
201: 
0.001375: 
202: 
0.001375: 
203: 
0.001175: 
20.: 
0.001175: 
205: 
0.001275: 
206: 
0.001175: 
207: 
0.001375: 
208: 
0.001275: 
209: 
0.001175: 
20A: 0.001175: 
201: 
0.001275: 
20C: 0.001275: 
200: 
0.001275: 
20E: 0.001175: 
20P: 
0.001175: 
210: 
0.001175: 
211: 
0.001175: 
212: 
0.001075: 
213: 
0.001275: 
214: 
0.001175: 


.inter 


215, 
0.001275' 
Wi: 
0.00127~: 
217: 
0.001275, 
218: 
0.001275' 
219, 
0.001375: 
21', 
0.001175, 
211, 
0.001275, 
21e: 
0.001275: 
210, 
0.001275: 
21£: 
0.001175, 
21F: 0.001175: 
220: 
0.001375: 
221: 
0.001275, 
222: 
0.001375: 
223, 
0.001375, 
224: 
0.001175: 
225: 
0.001375: 
226: 
0.001175: 
227: 
0.001375: 
228: 
0.001175: 
229: 
0.001275: 
224: 
0.001175: 
228: 
0.001275, 
22C: 0.001275: 
220: 
0.001175: 
221, 
0.001175: 
22F: 
0.001075: 
230: 
0.001275: 
231: 
0.001175, 
232: 
0.001175, 
233: 
0.001275, 
234: 
0.001275: 
235: 
0.001375: 
236: 
0.001375, 
237, 
0.001275: 
238: 
0.001275: 
239: 
0.001175: 
234: 
0.001175: 
238: 
0.001175: 
2X, 
0.001175: 
23D: 0.001375, 
23£, 
0.001175, 
23F: 
0.0012751 
240: 
0.OGI275: 
241: 
0.0012751 
242: 
0.OGI275: 
243, 
0.001275, 
244, 
0.001275' 
245, 
0.001375: 
246, 
0.001075: 
247: 
0.001175: 
248: 
0.001175: 
249, 
0.001375, 
24.\, 
0.001175: 
241: 
0.001275: 
24C: 0.OGI075: 
24D, 0.001175: 
241, 
0.001375: 
24F: 
O.OGI37S: 
250, 
0.OGI27S: 
• 


inter 
Ap·406 


2511 0.001175: 
252: 
0.001275: 
253: 
0.001275: 
254: 
0.001175: 
255: 
0.001375: 
256: 
0.001275: 
257: 
0.001275: 
258: 
0.001275: 
259: 
0.001175: 
25-': 
0.001075: 
251: 
0.001175: 
25C: 0.001475: 
25D: 0.001275: 
25£: 
0.001275: 
25F: 
0.001175: 
260: 
D.001275: 
261: 
0.001175: 
262: 
0.001175: 
263: 
0.001275: 
2M: 
0.001275: 
265: 
0.001275: 
266: 
0.001175: 
267: 
0.001375: 
268: 
0.001275: 
269: 
0.001275: 
264: 
0.001175: 
268: 
0.001115: 
26C: 0.001375: 
268: 
0.001375: 
26£: 
0.001375: 
26': 
0.001475: 
270: 
0.001115: 
271: 
0.001315: 
272: 
0.001175: 
273: 
0.001075: 
274: 
0.001275: 
275: 
0.001175: 
276: 
0.001215: 
217: 
0.001375: 
278: 
0.001375: 
279: 
0.001375: 
21': 
0.001215: 
271: 
0.OOJ215: 
27C: 0.001215: 
210: 
0.001115: 
27£: 
0.001075: 
27F: 0.001275: 
280: 
0.001275: 
281: 
0.001375: 
282: 
0.001215: 
283: 
0.001275: 
284: 
0.001215: 
285: 
0.001375: 
286: 
0.OOJ215: 
281: 
0.001375: 
288: 
0.001175: 
289: 
0.001275: 
2&: 
0.001175: 
281: 
0.001375: 
28C: 0.001175: 


260: 
0.001375: 
28S: 
0.001175: 
28F: 
0.001375: 
290: 
0.001275: 
291: 
0.001275: 
292: 
0.001175: 
293: 
0.001175: 
294: 
0.001175: 
295: 
0.001175: 
296: 
0.001275: 
297: 
0.001375: 
298: 
0.001275: 
299: 
0.001375: 
29A: 0.001375: 
291: 
0.001375: 
2'lC: 0.001275: 
290: 
0.001175: 
291: 
0.001375: 
29P, 
0.0011'15: 
lAO: 0.001175: 
lAl: 
0.001175: 
2A2: 0.001375: 
lA3: 
0.001275, 
lAt: 
0.001175: 
lA5: 
0.001175: 
2A6: 0.001175: 
2A7: 0.001275: 
2A8: 0.001475: 
lA9: 
0.001275: 
2At.: 0.001175: 
lAB: 0.001275: 
2AC: 0.001375: 
2Ao: 0.0012751 
2AB: 0.001275: 
lAF: 
0.001175: 
210: 
0.001175: 
211: 
0.001175: 
282: 
0.001175: 
213: 
0.001275: 
214: 
0.001175: 
285: 
0.001275, 
216: 
0.001175: 
287: 
0.001275: 
218: 
0.001275: 
219: 
0.001275: 
21A: 0.001275: 
288: 
0.001375: 
28C: 0.001275: 
28D: 0.001375: 
21S: 
0.001375: 
liP: 
0.001375: 
2CD: 0.001375: 
2CI: 
0.001375: 
2C2: 0.001375: 
2C3: 0.001375: 
2Ct: 
0.001375: 
2C5: 0.001475: 
2C6: 0.001275: 
2C7: 0.001375: 
2C8: 0.001275: 
• 


2C'l: 0.00131~: 
2CA: 0.001175: 
2C1: 0.00127~: 
2ee: 
0.00127~: 
lCD: 0.00H75: 
2CI: 
0.001275: 
2CP, 0.00117~: 
200: 
0.00117~: 
2DI: 
0.00117~: 
282: 
0.00127~: 
2D3: 0.001375: 
2•• : 
0.001l7~: 
2D~: 0.001175: 
2D6: 0.001275: 
207: 
0.001375: 
20&: 0.00127~: 
209: 
0.001275: 
21A: 0.00147~: 
201: 
0.001475: 
2OC: 0.001375: 
2DO: 0.00137~: 
211: 
0.001375: 
lIF: 
0.001375: 
210: 
0.001175: 
2£1: 
0.001375: 
212: 
0.001275: 
2£3: 
0.001175: 
2£4: 
0.001175: 
21~: 
0.00127~: 
2£6: 
0.001275: 
2£7: 
0.001375: 
2£8: 
0.001175: 
219: 
0.001275: 
2EA: 0.001275: 
20: 
0.001175: 
2Ee: 
0.001375: 
2£D: 0.001275: 
2££: 
0.001275: 
21P: 
0.00117~: 
1.FO: 0.001275: 
2Fl: 
0.001375: 


2P2: 
0.001375: 
2P3: 
0.001275: 
2F4: 
0.001275: 
2F5: 
0.001375: 
2F6: 0.OOH75: 
2P7: 0.00U75: 
2F8: 
0.0013'/5: 
2P9: 
0.001475: 
2FA: 0.001275: 
2FJ: 
0.001175. 
2FC: 0.001275: 
UB: 
0.001275: 
2'£: 
0.001275: 


2'F: 
0.001275: 
300: 
0.00107~: 
301: 
0.001275: 
302: 0.001375: 
303: 
0.001275: 
304: 
0.001175. 


inter 


:105, 0.001475: 
30b: 
0.001275: 
307: 
0.001375: 
308: 
0.001375: 
309: 
0.001275: 
3OA: 0.001275: 
30.: 
0.001375: 
JOC: 0.001275: 
30D: 0.ooH75: 
301: 
0.0012751 
3OF: 0.001375: 
310: 
0.001175: 
Jill 
0.0011751 
312: 
0.001275: 
313: 
0.001275: 
3U: 
0.001375: 
315: 
0.001275: 
316: 
0.001275: 
317: 
0.001275: 
318: 
0.001175: 
319: 
0.001375: 
3lA: 
0.001275: 
311: 
0.001075: 
31C: 0.001175: 
318: 
0.001375: 
3lE: 
0.001375: 
31F: 0.001375: 
320: 
0.0013751 
321: 
0.001375: 
322. 
0.001375: 
323: 0.001275: 
32.: 
0.00117.: 
325: 
0.001575: 


326: 
0.001275: 
327: 
0.OOU75: 
328: 
0.00117.: 
329: 
0.001375: 
3ZA: 0.001275: 
321: 
0.001275: 
32C: 0.0013'/5: 
328: 
0.001375: 
321: 
0.001375: 
32F: 
0.001375: 
330: 
0.00117.: 
331: 
0.001174: 
3321 0.OOU75: 
333: 
0.001275: 
334: 
0.001275: 
335: 
0.001575: 
336: 
0.001475: 
337: 
0.00117.: 
338: 
0.001275: 
339: 
0.001275: 
33.: 
0.001275: 
331: 
0.001275: 
3X: 
0.001375: 
330: 
0.001375: 
331: 
0.001275: 
33F: 
0.001275: 
340: 
0.00117.: 
• 


inter 
Ap·406 


341: 
0.00131S: 
342: 
O.OOI31S: 
343: 
O.OOI31S: 
344: 
0.001114: 
34S: 
0.00121S: 
346: 
0.001114: 
341: 
0.00IS1S: 
348: 
o.ooms: 
349: 
0.OOI21S: 
34A: 0.001114: 
348: 
0.00121S: 
3ft: 
0.OOI21S: 
34D: 0.00121S: 
34£: 
O.OOIl'S: 
34F: 
0.00121S: 
3SO: 0.OOI31S: 
3SI: 
0.00131S: 
3S2: 
0.00131S: 
3S3: 
0.00I31S: 
3M: 
0.OOI21S: 
3SS: 0.00131S: 
356: 
0.00131S: 
3S1: 
0.00131S: 
3S8: 0.001014: 
3S9: 
0.00127S: 
3SA: 0.001014: 
3S8: 
0.00131S: 
3SC: O.OOI31S: 
3SD: 0.00131S: 
3SI: 
0.00121S: 
3SF: O.OOI31S: 
360: 
0.00m4: 
361: 
0.00131S: 
362: 
O.OOI21S: 
363: 
0.00121S: 
.V>f: 0.00121S: 
36S: 
0.00131S: 
366: 
O.OOI31S: 
361: 
0.001315: 
368: 
0.00121S: 
369: 
0.001114: 
36A: 0.00121S: 
36.: 
0.00131S: 
36C: 0.00131~: 
36D: O.OOI21S: 
36£: 
0.001215: 
36F: 0.00lf1S: 
310: 
0.001315: 
311: 
0.00121~: 
312: 
0.00131S: 
313: 
0.00131S: 
314: 
0.001215: 
31S: 0.00121S: 
316: 
0.001215: 
311: 
0.001215: 
318: 
0.001215: 
319: 
0.OOI51S: 
31A: 0.OOlf1S: 
31.: 
0.001315: 
3'IC: 0.00121S: 


inter 


31D: 0.00131~: 
311: 
0.00131~: 
31F: 
0.001315: 
380: 
0.001415: 
381: 
0.001415: 
382: 
0.001215: 
383: 
0.001.'~: 
38.: 
o.ool3n: 
385: 
0.001415: 
386: 
0.001215: 
381: 
0.001215: 
388: 
0.00131~: 
3891 0.00111.: 
3&: 
0.001215: 
381: 
0.001215: 
38C: 0.001215: 
38D: 0.001215: 
381: 
0.00121~: 
38FI 0.001215: 
390: 
0.001215: 
391: 
0.00111.1 
3'12: 0.001315: 
393: 
0.001315: 
3'lf: 
0.0013'/5: 
395: 
0.001315: 
396: 
0.00101.: 
3'11: 0.001215: 
398: 
0.001315: 
399: 
0.00131~: 
39A: 0.00121~: 
391: 
0.00131~: 
:l9C: 0.001215: 
390: 0.001215: 
391: 
~.OOH15: 
39F: 0.001315: 
JAO: 0.001275: 
JAI: 
0.001215: 
3A2: 0.001215: 
JA3: 0.001215: 
JAf: 
0.001315: 
JA5: 0.001215: 
JA6: 0.00111.: 
JA1: 0.00091.: 
3.\8: 0.001415: 
3A9: 0.001315: 
3M: 
0.001275: 
3.\8: 
0.001415: 
3AC: 0.001275: 
3AO: 0.001375: 
JAI: 
0.001315: 
3AF: 0.001315: 
310: 
O.OOH'/S: 
311: 
0.00111.: 
312: 0.00117.: 
313: 
0.001215: 
3•• : 
0.001215: 
315: 
0.001275: 
316: 
0.001215: 
381: 
0.001315: 
318: 
0.001315: 
• 


In: 
0.001215: 
3BA: 0.001215: 
:lI1: 
0.00In5 • 
• 
: 
0.001215: 
JIO: 
0.001315: 
3BE: 0.001114: 
3U: 
0.001215: 
JCO: 0.001215: 
Je1: 
0.001114: 
Je2: 
0.001114: 
JC3: 
0.OOlf15: 
Je4: 
0.001215: 
Je5: 
0.001215: 
JC&: 0.001375: 
JC1: 
0.001114: 
3CIl: 0.001215: 
3C9: 0.001215: 
n: 
0.001174: 
JCI: 
0.001315: 
Jet: 
0.001315: 
Jel: 
0.001315: 
JCB: 0.001215: 
JeF: 
0.001275. 
300: 
0.OOlf75: 
381: 
0.001815: 
312: 
0.001315: 
3tJ: 
0.001315: 
384: 
0.001315: 
JDS: 0.001315: 
3D&: 0.001315: 
3B1: 0.001315: 
308: 
0.001375: 
3M: 
0.001215: 
3DA: 0.001114: 
JlII: 
O.OOlf15: 
JlIC: 0.00In5: 
JlIO: 0.001315: 
JOE: 0.001215: 
3DF: 0.001375: 
3EO: 0.0011,.: 
JEI: 
0.001575: 
:112: 0.001315: 
3EJ: 
0.001215: 
314: 
0.001215: 
3£5: 
0.001315: 
31b: 
0.OOlf15: 
JE1: 
0.001215: 
3£8: 
0.001215. 
319: 
0.001515: 
3EA: 0.001575: 
JII: 
0.001215: 
JEt: 
0.001215: 
31n: 
0.001315: 
JII: 
0.0011,.: 
JEF: 
0.001415: 
3fO: 0.001215: 
JFI: 
0.001315. 
3Fl: 
0.001174: 
3U: 
O.OOlf15: 
3F4: 
0.001415: 
315: 
0.001174. 
JIlrl. 0.001215. 
3P7, 
0.001215: 
JR. 
0.001215: 
3". 
0.001215: 
3'A: 
0.001174, 
3n. 
0.001215: 
3IC. 
0.001215. 
31D: 0.001215: 
JR. 
0.001315: 


inter 
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Many applications have throughput time 
requirements on the order of a few hundred 
milliseconds,and don't require real-time image 
analysis. 
A Single-Chip 
Image Processor 


A.L. Pai and S.H. Lin, Arizona State University, and David P. Ryan, Intel OJrporation 
M 
ost of the research efforts on 
image processing focus on ex- 
panding the complexity and dimension of 
image analysis. Unfortunately, 
this em- 
phasis results in algorithms that are so 
computationally 
intensive that expensive 
special·purpose vector and pipeline proc- 
essors are required to evaluate an image 
fast enough to be considered "real·time." 
Not all applications, however, have the 
burdensome requirements of true real·life 
image analysis. Specifically, applications 
that have image throughput time require· 
ments of greater than a few hundred milli- 
seconds can use a lower cost, general·pur- 
pose microprocessor·based system. Appli- 
cations that have even slower frame rates 
are candidates for not only the use of lower 
cost CPUs, but also allow for replacement 
of video-rate flash AID converters with 
slower, less expensive converters. 
Addressing the most cost-sensitive ap· 
plications, 
the design described herein 
uses Intel's 16-bit microcontroller to im· 
plement 
a single-chip image processor. 
The on-chip lO·bit AID converter of the 
controller digitizes the image of a charge 
injection device (CID) camera, while the 
chip's 
16-bit CPU executes a library of 
standard vision algorithms and reports the 
results by passing a few tokens over an on· 
chip 
universal 
asynchronous 
receiver· 
transmitter 
(UARn. 


SYSTEM OVERVIEW 
A block diagram of the single-chip im· 
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age processor is shown in Figure 1. The 
image is acquired by the CID camera and 
input as an analog voltage to the 8096 
where it is digitized and stored in one of 
two image buffers. The digital image is 
stored as an N x N matrix of 8-bit values 
corresponding to the gray level intensity 
at each picture element (pixel) as shown 
in Figure 2. 
After an image resides in an image buf· 
fer, the 8096 can execute a number of 
standard 
image 
processing 
algorithms 
available as system monitor commands. 
These programs perform thresholding and 
filtering functions on the digital image, 
and can analyze objects found within the 
image. If the 8096 were attached to a host 
system instead of a terminal, custom pro- 


grams could be downloaded to the user 
program RAM and executed. 
To view the raw and processed images, 


a CRT controller is used to keep a video 
monitor updated with the images stored 
in the two frame buffer 
memories 
of 
Figure I. The 8096 updates the frame buf· 
fers with the data in its image buffers 
depending upon commands given to the 
system. 


• Hardware. The system is composed of 
a 128 x 128 CID camera and Intel's 8096 
(with on-chip AID) for image acquisition 
and analysis. A standard CRT controller 
was added for displaying raw and proc· 
essed images as directed by the 8096. Driv· 
ing the decision to use a 128by 128digital 


inter 
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Fiaure 2. R.",,..,!4tion of an N x N dilil4/ 
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image was the desire to store and operate 
upon two images simultaneously 
while 
minimizing memory requirements. 
The image processing and communica- 
tions software takes 5K of the 8K bytes 
allocated to the system monitor space, and 
would fit in the on-chip ROM space of an 


Line 
..,/ 


8397 with 3K left. Two 32K x 8 SRAMs 
are used to provide space for two 16Kbyte 
image buffers, a 16K section of working 
RAM, and space for user-downloadable 
programs that are invoked by the monitor. 


Two 16K byte frame-buffer memories 
are mapped to the same addresses as the 
corresponding 
image buffer used by the 
8096. Normally, the frame buffers 
are 
mapped to the CRT controller to keep the 
video monitor updated. 
However, when 
the image stored in the image buffer is 
changed, 
the 
8096 performs 
a frame- 
synchronized flyby block move to refresh 
the frame buffer (50 to 290 ms depending 
on whether frame synchronization 
is off 
or on). 
To digitize an image, the 8096 monitors 
the end-of-line and end-of-frame signals 
from the cm camera and synchronizes 
the AID conversion of the pixel data to 
a pixel valid signal from the camera. The 
analog output signal of the camera ranges 
from 0 to IV, corresponding 
to the gray 
level intensity at each pixel. This I V range 
is amplified to a 5 V range before being 
input to one of the eight AID inputs of 
the 8096. 
. 


• Spatial Fitlering 
• HistO\lramming 
• Thresholding 


The 8096 converts the input voltage to 
a 10-bit digital representation 
in 22 jjS. 
Another 18 /.G are needed to store the pixel 
in the image buffer, update pointers, up- 
date a counter, and start another conver- 
sion. Therefore, the camera is clocked at 
a rate which results in a new pixel being 
output every 50 jjS. 
Although the 8096 converts its analog 
input to 10 bits, the externally generated 
analog errors (such as buffer error and 
noise) led to the decision to use only 8 bits 


of the result. This provides 256 gray levels, 
and greatly simplifies memory require- 
ments. 
~ 
Software. 
In addition 
to the code 
necessary to digitize images, the system 
EPROM contains an extensive set of al- 
gorithms for digital image acquisition and 
analysis. Video operations are used to ac- 
quire a digitized image. Point and arith- 
metic operations involve the pixel·by-pixel 
manipulation of a digital image. Neighbor- 
hood operations produce an output image 
that is the result of a combination 
of the 
gray level intensities 
around a specified 
neighborhood of each pixeL Measurement 
operations 
include the computation 
of 
desired parameters of objects located in an 
image for pattern recognition 
and other 
applications. Finally, utility operations are- 
necessary for system operation. 
The algorithms present in the system 
monitor can be used to identify desired ob- 
jects in a digital image by following the ap- 
proach shown in Figure 3. Once an image 
is digitized, it can be enhanced by the ap- 
plication of various image processing tech- 
niques including histogramming, 
thresh- 
olding, and spatial filtering to delineate the 
desired objects. The 8-directional chain 
code (Figure 4) can then be used to trace 
the boundaries of objects, and relevant ob- 
ject parameters 
can be determined 
and 
compared with those of a known object 
database to identify the unknown object. 
OBJECT 
CLASSIFICA nON 
In the following example, the 8096 per- • 
forms a binary thresholding 
operation as 
described earlier to set the image back- 
, 
ground to pure white and the objects in 
the image to pure black. Then the 8096 
searches the image for objects. When an 
object is found, the object boundary 
is 
traced and shape analysis is performed. 
Descriptive information about the object 
(or objects) is output 
over the on-chip 
UART of the 8096 to a terminal, or host 
computer. 
The controller, without 
con- 
sulting a host computer, can also be pro- 
grammed to make the decision to accept 
or reject an object on a set of prescribed 
rules. 
The sequence of processing for this ex- 
ample, from serial communication 
recep- 


tion and interpretation to the reporting of 
the shape analysis results, takes approx- 
imately 1500 rns with an 8096 running at 
12 MHz. The time will vary with the size 
and number of objects in the field of view. 
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(a) A 3x3 Neighborhood 
3 
2 


6 
(b) a-Directional 
Chain-Code 


(c) Example 
Chain-Code 
of an Object 
FillUre 4. S4irrctiorud 
bound4ry eMin code. 


Photos 1 through 4 show the original 


256 gray level digitized image and resul· 
tant binary (two-level) image of a circular 
object and a square object. (The circle 
looks like an oval when displayed due to 
the aspect ratio of the video monitor). 


Table I summarizes the output of the 


systems shape analysis program. The ob- 
jects' perimeter (P),area (A),center of mass 
coordinates (ex, cy), and the coordinates 
of the endpoints of each minimum enclos· 
ing rectangle are listed. 
The rectangularity and circularity of the 


objects were also calculated and appear in 
Table I. The rectangularity of the circle 
and the square using the actual data were 
ideal. Although the circularity of the digi- 
tized circle is slightly different from ideal 
(12.416 vs. 12.56), the digitized circle can 
be distinguished from the digitized square 
since the circularity of the square is very 
different from a perfect circle (15.44 vs. 
12.56). 


From these typical results, it isclear that 
this image processor can be used to dis- 
tinguish 
between 
and identify 
objects 


placed in its field of view. 
CONCLUSIONS 
If the stringent requirements 
of "real· 


time" image processing can be relaxed in 
favor of substantially reduced sytem cost, 
a standard 16-bit microcontroller can per- 
form as a stand·alone image processor. 


Not only does the design described here 


demonstrate 
that a microcontroller 
can 
undertake two-dimensional image process- 
ing, but the surprising speed with which 
it accomplishes the processing should lead 
to the reevaluation of current microproc· 
essor applications for possible cost reduc- 
tion via microcontrollers. 
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A histogram 
gives the distribution of all the gray levels in a digital image. The image histogram 


is used to select a desired threshold intensity level for separating an object from the background 
in the digital image. 


A digital image can be thresholded 
using various threshold functions (three of which are shown 
in the figure) to yield an output 
image that contains a better definition 
of an object. For ex- 


ample, a binary (black and white) image is obtained by applying the two-level threshold 
func- 
tion shown in (c). 
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In spatial filtering, 
the pixels adjacent 
to pixel (x,y) of image plane f are operated 
upon by 


the filter mask operation h. The resulting value of this spatial convolution 
is used to compute 
a replacement 
gray level intensity value at location (x,y) in the output image g. The following 


formula is used: 
Photo 
2. A thresholded 
binary (two-leveQ image of 
the same circle. The circle appears oval because of 
the aspect ratio of the video monitor. 
g(x,y) = hl~x,y)l = [WI ~x -I, 
y -I) 
+ Wz ~x -I,y) 


+ w3~x-I,y+l) 
+ w4~x,y-l) 
+ w5~x,y) 
+ w6~x,y+l) 


+ w7~x+I,y-l) 
+ w8~x+I,y) 
+ w9~x+I,y+I)1 


Various types of filter masks can be used to perform 
different 
digital image enhancement 
operations. 
A low·pass filter uses neighborhood 
averaging to "smooth" 
the digital image to 


remove noisy pixels. A high-pass filter accentuates 
noisy pixels. A high-pass filter accentuates 


the higher frequencies 
present in an image, thus "sharpening" 
its edges. Operators 
such as 


the Sobel masks can be used to compute the gradient at each point in an image, thus produc· 
ing a gradient 
edge-detected 
image. 


Using such filtering methods, the boundaries 
of objects in an image can be isolated, thus per· 
• 
milling the computation 
of useful object parameters for object identification and classification. 


Photo 
4. A threrholded 
binary image of Iht Ill",. 


"I1Ul". 
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<a) A 3 x 3 Pixel Window 
with 
SpalieI Mask coetricients 
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OBJECT 
PERIMETER 
AREA 
C.O.M. COORDINATES 
ENCLOSING RECTANGLE 
RECTANGULARITY 
CIRCULARITY 


P 
A 
CX,CY 
XMA> 
XMIN 
YMAX 
YMIN 
R=AofA 
R 
C=rJ2 fA 


CIRCLE 
301 
m7 
(62,68) 
111 
15 
116 
21 
0785 
12416 


SQUARE 
328 
f14fil 
(55,73) 
97 
14 
115 
32 
1.0 
15.440 


Size J>aTan1eteTs 


The horizontal and vertical extent of an object and its minimum enclosing rectangle are easily 
computed 
by using the minimum 
and maximum line and sample numbers. 


The perimeter 
(circumferential 
distance) around an object boundary is obtainable 
from the 
boundary 
chain code by using the formula: 


P = NE + ..[2 No 
where NE and No are the number of even and odd steps in the object boundary chain code. 


The area of an object, which is a convenient 
measure of object size, is equal to the number 


of picture elements inside and including its boundary, multiplied by the area of a single pixel. 


A.L. Pai IS an AssociateProfessordnd S.H. Lin IS d 
Ph.D. candidatein the Computer SCienceDept., Col· 
legeof Engineering,AnzonaSlate Umverslly,Tempe, 
AZ 85281.David P. Ryan IS a Semor Applications 
Engineer for Intel Corp., 5000 IV. Chandler Blvd., 
Chandler, AZ 85226. 


Shape 
J>aran1eteTs 


In addition to size parameters, 
shape parameters 
can be used to distinguish 
objects. Some 
shape parameters 
that are easily computed 
are described below. 


The formula for computing 
the rectangularity 
R of an object is: 


R = AO / AR 
where Ao is the object area and AR is the area of its minimum enclosing rectangle. R ranges 
from 0 to I, with a value of 1.0 for rectangular 
objects, n/4 (0.785) for circular objects, and 


smaller values for slender, curved objects. 


The aspect ratio, A, which is the ratio of width to length of the minimum enclosing rectangle 
of an object, is used to distinguish 
slender objects from roughly square or circular objects. 


One of the commonly used circularity 
measures 
is: 
C = p2 / A 
the ratio of the square of the object perimeter 
to its area, which reflects the complexity of 
the object boundary. C has a minimum 
value of 4 n (12.56) for a circular object, while more 
complex shapes have higher values. 
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In the real time world of microcontroller applications, system failures can be dangerous, 
and expensive. Preventing them, and understanding them when they occur, is very im- 
portant to the reliability of any design. 


The sources of a system upset are varied. But in general, the failure of a well designed 
application occurs as a result of either some form of noise, or a hardware failure. The 
8096 hardware provides methods of detecting and recovering from the transient noise 
failures, while the MCS<lI>-96Diagnostics Library supplies software routines that can help 
diagnose or detect a failure in system hardware. 


Graceful recovery from noise induced failures is possible using the WATCHDOG TIMER. 
While the 8096-based system is functioning as desired, the executing software periodically 
resets the WATCHDOG with a special two-byte code. If the WATCHDOG is not reset 
at least every 16 ms (12 MHz system), a system reset occurs. The two-byte code is a 
unique password which appears nowhere in the opcode map. This reduces the chance 
that an erroneous WATCHDOG reset would occur after a system upset. 


The 8096 RESET instruction provides another form of protection. Since the opcode for 
a RESET is OffH, protection against the 8096 executing unimplemented external memory 
is obtained by placing pull-ups on the system bus. The RESET opcode is also the value 
in erased EPROMs. Therefore, any attempt to execute non-existent memory or an erased 
EPROM location causes the 8096 to execute the RESET instruction. RESET causes the 
8096 to reinitialize itself and provide an external pulse on the RESET pin to reinitialize 
the system. 


Even with the protection afforded by the 8096, a system is rarely complete without checks 
for hardware failures, both internal and external to the microcontroller. These checks are 
usually software routines that execute on power-up or periodically to verify that all parts 
of the system are present and function correctly. The tests generally execute standard 
check algorithms which are simply re-written in the host's assembly language. 


To eliminate the need for every designer of an 8096-based system to write such tests, 
a collection of modular routines has been developed that any designer could easily 
use in his system (General Diagnostics). In addition, a set of 8096 interrupt service 
routines was developed for testing 8096 I/O units in a dedicated environment (The 
Dynamic Stability 
Test). 
Both sets of programs 
are contained 
in the MCS-96 
Diagnostics Library (DIAG96.LIB). 


This library is a collection of software modules that provide a number of ready-made 
General Diagnostics and a specialized MCS-96 diagnostic known as the Dynamic Sta- 
bility Test. The General Diagnostics implement frequently used standard test algorithms, 
while the Dynamic Stability Test exercises hardware specific to the 8096. 


The library can be considered a software "tool box" from which modules are selected 
for a variety of run-time diagnostics or laboratory tasks, for example: 


• 
Include a few modules in other programs as a power-up test 
• 
Use a memory module to create a map of external memory 
• 
Use a few modules as a periodic system check 
• 
Develop a simple stand-alone tester 
• 
Build a custom test bed for bum-in, inspection or reliability tests 
• 
Test new background code in an interrupt intensive environment 


In addition to easing the development of a program that must perform standard diagnostics 
or system checks, the library can be a learning tool. Using the proven source code in the 
library, methods of interrupt management and on-chip peripheral handling can be reviewed 
to further understand how to use the 8096. 


These tests were developed by the 8096 Applications group for experimental use with 
the 8096. With the programs in this library, the chip has been studied for its functional 
and asynchronous characteristics. 


The General Diagnostics should be useful to almost anyone designing an 8096 applit;a- 
tion. The Dynamic Stability Test will be useful to those experimenting with the 8096 
in a test environment. Figure 1 shows the modules in the MCS-96 Diganostics Library. 


The General Purpose Diagnostics consist of 24 programs providing System, ALU and 
Memory tests. Each of the tests can be called independently, and none require special 
hardware or impose application limiting constraints. 


Two Collected Test programs are also provided so that all tests may be called at once. 
A third Collected Test program executes a selection of General Diagnostics that might 
be reasonable to include in a typical system power-up. 


The Dynamic Stability Test is an integrated set of II programs that provide the interrupt 
service routines necessary to run all forms of MCS-96 110 concurrently while a user 
written main task is executing. Virtually all of the chip is made to run simultaneously, 
with the 110 units responding to asynchronous external events. 


Unlike the General Diagnostics, the Dynamic Stability Test modules must all be linked 
together, and must run in a specific external environment. 


System 
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This publication is meant to be a guide for. those using any of the programs in the 
MCS-96 Diagnostics Library. On a first pass the entire manual should be skimmed, 
with more attention paid to Section 2 and the overview sections of Sections 3 & 4. For 
the casual reader, the overview sections of each chapter should suffice. 


Section 2 contains an overview of the general calling conventions to use any test in 
DIAG96.LIB. The section also describes DIAG96.LIB error reporting conventions and 
presents some warnings to heed when using this library. 


Section 4 describes the concept of Dynamic Stability and its implementation on the 
8096. The section also contains an overview of the tests performed, a description of the 
constraints placed upon the user-written background task, and detailed descriptions of 
each interrupt service routine. 


The Appendices contain error code and command file descriptions, and of demonstration 
program listings. Source for the MCS-96 Diagnostics Library can be obtained from 
Insite User's Program Library at the address below. The Insite Catalog order number is 
AE-17. 


Insite User's Program Library 
INTEL Corporation DV2-24 
2402 W. Beardsley Road 
Phoenix, Arizona 85027 


With the first-hand knowledge that many problems result from not being able to uncover 
information lodged in some dark comer of the user manual, information is repeated in 
the sections where it is pertinent. 


To simplify use of the diagnostics, the tests were developed in a modular fashion and 
collected in one linkable object file library (DIAG96.LIB). A modular program relies 
upon only the parameters sent at its invocation and employs standard parameter passing 
conventions to allow flexibility and uniformity of use. Collecting the modules into a 
library eliminates the tedium of listing twenty or thirty file names when performing a 
relocate/link on user developed code. When a program is linked to DIAG96.LIB, only 
those modules referenced in the user program are drawn from the library for inclusion 
in the output module. 


Since PLM96 conventions were the ones chosen for this set of programs, the General 
Diagnostics are invoked by following the conventions for a PLM96 typed procedure. 
Parameters are placed on the STACK and the procedure activated via a function reference 
or explicit CALL. When the test is complete, test data is returned in the special register 
PLM$REG. The Dynamic Stability Test is not PLM96 compatible. 


The next section describes the format of the test data that is returned by the diagnostics. 
Following sections give an overview of how to use a General Diagnostics test, how to 
use The Dynamic Stability Test, and what restrictions to keep in mind while using the 
library. 


All DIAG96.LIB tests use the PLM$REG word locations ICH and IEH for returning 
condition codes to the calling program. Within DIAG96.LIB, these locations are the 
PUBLIC words EREGI and EREG2. When a test concludes without finding an error, 
a zero is placed in the high byte of EREG I. If the high byte of EREG I is non-zero, 
then some unexpected condition occurred. The low byte of EREG I always contains the 
module number of the returning test, and EREG2 contains a detail code if an error was 
found. The complete listing of EREGI 
code meanings and EREG2 meanings is in 
Appendices A & B. 


All modules cease execution upon detection of the first error. The code describing which 
error was detected (EREG I) follows the format described in Table I. 
• 
nn 
= 00 
if no error was found 
= 01 •...• 08H 
if an error was found. nn is the error code 


for Test = 
SYSOx; 
ALUOx; 
MEMOx; 
D96A96; 
DSTISR; 
DSTHSI; 
DSTHSO; 
DSTHIO; 
DSTTOV; 
DSTEXI; 
DSTSER; 
DSTA2D; 
DSTSWT; 
D96FST; 
D96P96; 


mx 
= OxH 
= 1xH 
= 2xH 
= 3xH 
= 4xH 
= 6xH 
= 7xH 
= 8xH 
= 9xH 
=OAxH 
= OBxH 
= OCxH 
= ODxH 
= OExH 
= OFxH 


1 .;; x .;; 03H 
1 .;; x .;; 05H 
1 .;; x .;; ODH 
x = 0 
x = 0 
x = 1 
x = 0 
x = 0 
0.;; x.;; 1 
x = 0 
x = 0 
x = 0 
0.;;x.;;1 
x = 0 
x = 0 


The General Diagnostics provide a large set of system, ALU and memory tests that can 
be used in any combination, independent of system configuration or external circuitry. 
In addition to allowing for a wide flexibility in how a user's system is externally configured, 
the tests place minimal requirements on memory maps and interrupt environment. 


Except where noted, all tests are interruptible, and maintain Program Status Word and 
Interrupt Mask integrity. The tests conform to PLM96 conventions, and require only run- 
time parameters to be passed for such specifics as memory test bounds and ALU test 
duration. To obtain access to the general diagnostics, the user should declare the needed 
module names EXTERNAL code segment symbols, and link to: 


DIAG96.L1B 


The tests are invoked in assembly language by placing the proper parameters on the 
STACK and CALLing the procedure. In PLM, the tests are run after a function reference 
is made with the appropriate parameters. The following is an example of an ASM96 call 
to a memory test: 


PUSH 
PUSH 
CALL 
CMPB 
BNE 


#4000h 
#5000h 
MEM06 
EREG1+1,0 
Error_Found 


The diagnostic module called performs a complementary address test on the byte 
locations between 4000H and 5000H inclusive. If an error is found, the value returned 
in the word EREG I will have a non-zero value as its high byte. Also in the case of an 
error, the MEM06 memory test will place the address of the error in location EREG2. 
The program D96A96, shown in Appendix D is a working ASM96 example that calls 
every General Diagnostic Test. 


The same memory test could be called in a PLM96 program as follows: 


Response = MEM06(4000h,5000h); 
IF Error$Codes.Number > 255 THEN CALLError$Found; 


Since the diagnostics return two words in the PLM$REG locations ICH and IEH, the 
function MEM06 would be a PROCEDURE of type LONG. Error$Codes would have 
to be declared a STRUCTURE 
AT Response, with the word elements Number and 
Detail so that the error messages returned by the diagnostic can be stored. Number 
would contain the EREGI value returned by the test, and Detail would contain EREG2. 
Response would have to be DECLARED a double word. The program D96P96, shown 
in Appendix D is a working PLM96 example that calls every General Diagnostic. 


The action taken when an error is detected will depend upon the application. For example, 
the following Error_Found 
(or Error$Found) routine would output the error codes to a 
printer or terminal: 


Error_Found: 
PUSHF 
PUSH 
#Message_Ptr_A 
CALL 
Send_String 


Error$Found: 
PROCEDURE; 
DISABLE 


PUSH 
CALL 
CALL 
PUSH 
CALL 


CALLoutput (.Message$Ptr$A, 


Error$Codes.Number); 


EREG1 
Send_Hex_Word 
Send_CR_LF 
#Message_Ptr 
_B 
Send_String 


CALLoutput (.Message$Ptr$B, 
Error$Codes.Detail); 


~n~\.:I' 
Send_Hex_Word 
Send_CR_LF 
CALL 
CALL 


BR$ 


Message_Ptr 
_A: 


DCB 27,'ERROR 
FOUND. Error Number = • 


Message_Ptr _B: 


DCB 22,'Error Detail Code is = • 


In the Error_Found 
routine, it is assumed that the subroutines Send_String, 
Send_Hex 
_Word, 
and Send_CR_LF 
transmit appropriate ASCII codes given the parameters 
passed to them. Send_String 
is sent a pointer to a byte string in memory, the first byte 
of which is the character count. Send_Hex_ 
Word converts the word put on the STACK 
into the correct four ASCII code bytes and appends the ASCII code for H. Send_CR_ 
LF outputs the ASCII codes to cause a carriage return, followed by a line feed. The PLM 
routine output would perform similar operations. 


• 


The Dynamic Stability Test consists of a set of 8096 interrupt service routines that 
are designed to run while a user-supplied background task executes. The routines are 
located in the object file library DST96.LIB, which is contained in the master library 
DIAG96.LIB. 
To obtain access to the test, the user should invoke the batch file 
DSTRL.BAT 
with the background task file name and directory parameters. 
For 
example type: 


Since the interrupt service routines test 8096 on-chip I/O devices, the part under test 
must reside in a specified hardware environment. Two such environments are available 
for use with the Dynamic Stability Test. The test may run in either a single chip mode, 
or a cross-coupled two chip mode. Figures 2 and 3 show the connections required for 
each configuration. In the single chip mode, output pins are connected to input pins on 
the same 8096. In the dual chip mode, output pins of one 8096 are connected to the 
input pins of the other (and vice versa). 


To run the test, the user must supply a background task that CALLs an initialization 
routine (DSTISR) with the specified parameters. After DSTISR returns, the interrupt 
service routines will begin running. The background task can then perform any function 
that conforms to the constraints discussed in Section 4. If the user does not wish to 
write a special background task, one is provided in the module DSTUSR. 


The following is an example CALL and a description of the parameters that must be 
passed to the initialization module (DSTISR). 


PUSH 
<RAM segment1starting address> 


PUSH 
<RAM segment1ending address> 


PUSH 
<RAM segment2 starting address> 


PUSH 
<RAM segment2ending address> 
PUSH 
<random seed> 


PUSH 
<random test length> 


PUSH 
<argument1 for Multiply/DiVideCore test> 


PUSH 
<argument2 for Multiply/DivideCore test> 


PUSH 
<bit pattern for memory test> 


CALL 
DSTISR 


The RAM starting and ending addresses form a memory map for the memory tests that 
DSTISR runs. The internal RAM is always tested. The random seed is the starting point 
for ALU tests that execute for as many number pairs as is specified in the random test 
length parameter. Argument! and argument2 are the operands for a MultiplyfDivide test. 
The bit pattern parameter is used during a memory test of the internal RAM and the 
memory segments specified. 


Section 4 contains more detailed information on using the Dynamic Stability Test, while 
the next section lists some general restrictions and assumptions that need to be under- 
stood to properly use any MCS-96 Diagnostic Library module. 


Some general restrictions and assumptions need to be understood before any DIAG96.LIB 
programs can be successfully used. 


• 
Pay close attention to the warnings about STACK location in the test modules you 
use. If you use any of the specialized internal register tests, make sure that the STACK 
is located externally. Do not partition a region of memory that contains your STACK 
in any memory test, unless you first move the STACK to an area you already tested. 


• 
All General Diagnostics assume that the WATCHDOG TIMER is either being RESET 
by an intenupt service routine created by the user, or that it was never enabled. Only 
SYS02 ever locks out intenupts for a significant period of time. The amount of time 
they are locked out depends upon the parameters passed. 


• 
The Dynamic Stability Test takes care of the WATCHDOG TIMER within its intenupt 
service routines. But, do not write to the WATCHDOG before CALLing the initial- 
ization subroutine. 


• 
In any Dynamic Stability application, the user's Main Task should not lock out in- 
tenupts for more than a few instructions, as the CPU can get quite loaded down with 
intenupt requests that are very time dependent. 


The 24 General 
Diagnostics 
included in DIAG96.Lffi provide a good set of basic memory 
and ALU confidence tests that can be easily linked to application programs. 


The General 
Diagnostics 
allow for a wide flexibility in how a user's system is configured 
with respect to memory maps and interrupt environment. Except where noted, all tests 
are interruptible, and maintain Program Status Word and interrupt mask integrity. The 
tests conform to PLM96 conventions, and require only run-time parameters to be passed 
for such specifics as memory test bounds and ALU test duration. 


The tests are independent to allow specialized diagnostics to be developed as desired. 
Use just the quick power-up test (SYS02) to verify operation, or use the module that 
calls all General 
Diagnostics 
(D96A96) and let it run continuously for months. A module 
that performs the most common set of tests is also provided (D96FST). 


The tests provided are of four classes: System Tests (SYSnn), ALU Tests (ALUnn), 
Memory Tests (MEMnn), and Collected Tests (D96xxx). To use any of the modules, 
from zero to ten parameters are PUSHed onto the STACK and the test is CALled. Results 
are returned in the two word registers beginning at #ICH. The symbolic names for these 
locations (EREGI and EREG2) are made PUBLIC if any DIAG96.LIB module is linked. 
They also may be referenced in PLM$REG for PLM96 programs. 


To obtain access to library modules, the user should declare the needed module names 
EXTERNAL code segment symbols, and link to: 


DIAG96.L1B 


The next few pages contain a brief overview of each of the four classes of tests. Then, 
the actions of each test are described in more detail. 


Common symbol definitions, storage reservations and two common routines are located 
in SYSOI. A reference to any DIAG96.Lffi module will cause SYSOI to be linked. 
SYS02 is meant to be called immediately after a RESET. It checks the special function 
register status and stack pointer, program status word and timer functionality. SYS03 is 
a simple program counter test. It does not test the complete range of the counter, and 
requires external RAM to execute. 


SYS01: Common module 
SYS02: RESET test 
SYS03: Program counter exercise 


Five ALU modules are provided for checking ALU functionality. All report errors with 
a code in EREGlIEREG2. 


is executed 
to test each adder bit with all possible 
combinations 
of a bit operation 
with 
and without 
carry-in. 


Unsigned 
byte 
multiplication 
is verified 
by ALU02. 
This 
module 
simply 
executes 
all 
possible 
unsigned 
byte multiplications. 
Although 
not elegant, 
the test is effective. 
It takes 
six seconds. 


A general 
test of the multiplication 
and division 
functions 
can be made 
with ALU03. 


The module 
executes 
all possible 
combinations 
of signed 
and unsigned, 
byte and word, 
two and three operand 
Multiplies 
and Divides 
using a specially 
selected 
table of numbers 
as operands. 


ALU04 extends 
the ALU03 test by generating 
pseudo-random 
test pairs. The user program 
simply 
specifies 
a seed value for the random 
number 
generator, 
and the number 
of pairs 
to generate. 


ALU05 
is the core module for multiply/divide 
tests. Both ALU03 and ALU04 call ALU05. 


The user can also call ALU05 
by passing 
a pair of test arguments. 
The module 
executes 
all possible 
combinations 
of signed 
and unsigned, 
byte and word, two and three operand 
Multiplies 
and Divides 
using the arguments 
passed 
as operands. 


ALU01: Table-driven 
Addition/Subtraction 
ALU02: 
MULUB (all possible 
arguments) 
ALU03: Table-driven 
Multiply/Divide 
ALU04: 
Pseudo-random 
Multiply/Divide 
ALU05: 
Multiply/Divide core module 


The DIAG96.LIB 
MEMnn 
modules 
provide 
tests for register 
space, 
external 
RAM, 
and 
ROM. 
The algorithms 
used include: 
walking 
and galloping 
ones; walking 
and galloping 
zeros; 
checkerboard 
patterns; 
complementary 
addressing; 
and checksum 
verification. 


The register 
tests are in MEMOI-MEM05, 
and MEMOC. 
With the exception 
of MEM04, 
the register 
tests 
save 
the contents 
of all internal 
registers 
except 
PLM$REG 
on the 
STACK 
before 
testing, 
and restore 
the data when done. 
If a faulty location 
is found, 
its 
address 
is reported. 
MEM04 
is a utility which returns the number of bits set in a specified 
operand. 


The external 
RAM tests are located 
in MEM06-MEMOA, 
and MEMOD. 
They all return 
a two-word 
code upon completion. 
The calling 
program 
must partition 
the RAM 
to be 
tested 
before 
calling 
an external 
RAM test. 
• 


Algorithm 
Internal Registers 
External RAM 
ROM 


Complementary Address 
MEM01 
MEM06 
Walking Ones 
MEMO? 
Walking OneslZeros 
MEM02 
MEM09 
Galloping Ones 
MEMOS 
Galloping OneslZeros 
MEM03 
MEMOA 
Bit Counter 
MEM04 
Checkerboard Pattern 
MEM05 
User Specified Pattern 
MEMOC 
MEMOD 
Checksum 
MEMOB 
MEMOB 
MEMOB 


The D96xxx set of modules collects together all, or several, of the General Diagnostics 
and performs them according to the parameters passed. D96A96 is an ASM96 module 
that calls all tests. D96P96 is a PLM96 module that calls all tests. D96FST is an ASM96 
module that calls a logical selection of tests. 


D96A96: All tests 
/ ASM96 
D96P96: All tests 
/ PLM9 ' 


D96FST: Selection of tests 
/ ASM9 


This module contains the global symbol declarations and five utilities used by the General 
Diagnostics. 


Assembly 
Language 
Calling 
Sequence: 


CALL 
Get_Psw 
or 
CALL 
Put_Psw 
or 
CALL 
Get_Parms 
or 
CALL 
Stack_Ram 
or 
CALL 
Restore_Ram 


USER_PSW 
:= PSW 
EREGl 
:= 0 
EREG2 
:= Offffh 


PARM2 := Last Parameter 
put on the STACK 
PARMl 
:= Next to last parameter 
put on the STACK 
USER_PSW 
:= PSW 
EREG 1 
:= Offfh 
EREG2 
:= OOOOh 


PUSH laH; 
Ptr: = 20H 
Do While Ptr< lOOh; 


PUSH [Ptr]+ 
End While; 


Ptr := Ofeh; 
Do While Ptr> leh; 


POP [Ptr]; 
Ptr: = Ptr-2; 


End While; 
POP laH; 
• 


A call to any General Diagnostic module will cause SYSOI to be linked. This module 
contains the definition of 4 words of memory used by every module to report errors and 
store temporary parameters. The STACK routines are used by the internal register tests 
to save and restore the data in the registers when called. It also INCLUDES an expanded 
8096.INC file to provide the PUBLIC declarations of commonly used symbols for the 
special function registers and constants such as CR and LF. 


Nearly all General Diagnostic modules use the routines in SYSOI to save the PSW when 
called. restore the PSW when returning control to the calling routine, save parameters 
from the STACK, and initialize the error registers. 


This test is a quick check of the Program Status Word, TIMER I, IOSO,IOSI and the 
Interrupt Pending Register. It is meant to be called just after a RESET. 


EREGI 
:= 0002h 


If Test Fails: 


EREGI 
:= 0102h on unexpected IOSO or IOSI - 
EREG2 := 10SO in low byte 
10S1 in high byte 
EREGI 
:= 0202h if TIMERI 
does not change - 
EREG2 := TIMER 1 
EREG 1 := 0302h if Zero register failed 
EREGI 
:= 0402h if PUSHFIPOPF 
failed 


EREG 1 := 0602h if Carry Hag failed 
EREG 1 := 0702h on an overflow flag error 


- 
EREG2 := PSW at Failure 
- 
EREG2 := erroneous value 
found 
- 
EREG2 := 3fffh if bit did not 
set 
:= OOOOhif bit did not 
clear 
- 
EREG2 := xxxxh 
- 
EREG2 := 0002h if flags set 
wrong 
:= xxxxh flags cleared 
wrong 
- 
EREG2 := offending Int. Pend. 


value 


This module verifies that TIMERI is changing, then attempts to change the value in the 
ZERO register. Then, a set of PUSHFs and POPFs is done with test values to verify 
correct action of these instructions. The carry, sticky and overflow bits in the program 
status word are then tested. Finally, the Interrupt Pending register bits are tested for their 
ability to be set and cleared. Any unexpected result is reported. 


Any error found having to do with the PUSHF/POPF instructions or the PSW, including 
Interrupt Pending, will cause interrupts to be disabled before returning to the calling 
module. 


This test writes code into a user selected partition of RAM and executes the code. Elapsed 
time and special registers are checked for correctness. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
SYS03 


EREGI 
:= 0003h 
EREG2 := OOOOh 
EREGI 
:= OlO3h if test code returned early 
EREG2 := Early time 


EREGI 
:= 0203h if test code returned late 
EREG2 := Late time 


EREGI 
:= 0303h if count register is incorrect 
EREG2 := erroneous counter value 


This module accepts starting and ending addresses for an external RAM partition, adjusts 
the boundaries to be double word aligned, and writes three lines of code repeatedly into 
the partition. The code that is written increments a counter then executes two NOPs every 
12 state times. The last byte written into the RAM partition is a RET opcode. 


After the RAM partition is adjusted and the code written into the RAM, the test puts a 
return address on the STACK, stores TIMERI and CALLs the first byte of the RAM. 
When the last byte of RAM is executed, program control returns to SYS03. TIMERI is 
again stored. The test then compares the elapsed time to the expected elapsed time. The 
value remaining in the counter is also checked for correctness. Any deviations from 
expected are reported. 


Caution: Since interrupts are locked-out while the code in RAM is executing, partitioning 
more than 4000h bytes of RAM for this test could cause a WATCHDOG TIMER overflow 
if the watchdog was started before SYS03 is called. 
• 


This routine adds then subtracts two care ully selected eight-word variables and verifies 
the results. 


EREGI 
:= OOllh 
EREG2 
:= OOOOh 
EREGI := 0111h on an addition error 


:= 0211h on a subtraction error 
:= 0311h on a flag error 


EREG2 := offending argument on error 


Two eight-word operands are added together and the results verified. Then, the operands 
are subtracted and verified. The operand:; were chosen to exercise every possible com- 
bination of two bits and a carry into each bit of the adder. Correctness of the result and 
the resultant flags is verified. 


The operands are: 


05555AAAA5555AAAAFFFFOOOOAAAA5555H 
+05555AAAAAAAA5555FFFFOOO)5555AAAAH 


OAAAB 55 5500000000FFFEOOOJFFFFFFFFH 


05555AAAAAAAA5555FFFF()()())5555AAAAH 
- OAAAA5555AAAA55550000FFFF5555AAAAH 


OAAAB 555500000000FFFEOOOOFFFFFFFFH 


This module simply tests the MULUB instruction for all possible combinations of byte 
multipliers and multiplicands. 


EREGI 
:= OOl2h 
EREG2 
:= OOOOh 
EREGI 
:= Ol12h on an error 
EREG2 
:= multiplier/multiplicand 


This test executes all possible combinations of operands into the MULUB instruction. 
Results are verified through a method of addition and subtraction as operands cycle. The 
status of PSW flags is not verified in this routine. 


This module sends a specially constructed table of operands through the general Multiply/ 
Divide Core test (ALU05). 


EREGI 
:= OOl3h 
EREG2 
:= OOOOh 
EREGI 
:= Ol15h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 
:= offending argument on error 


This test sends a table of operands through the Multiply/Divide Core test. The 18operands 
were selected to exercise all of the hardware multiply and divide control signals. 


The operands are: 


Arg.1,Arg.2 


1D99H. 
OFFFFH 
9D99H. 
5555H 
OE266H. 
OAAAAH 
1D99H. 
5555H 
9D99H. 
OAAAAH 
OE266H. 
OFFFFH 
0063H. 
0055H 
0066H. 
OOAAH 
0063H. 
OOFFH 


OFFFH. 
5555H. 
OAAAAH, 
5555H, 
OAAAAH, 
OFFFFH, 
0055H, 
OOAAH. 


9D99H 
OE266H 
1D99H 
9D99H 
OE266H 
0063H 
0066H 
0063H 


This module is a pseudo-random number generator that sends pairs of arguments to the 
Multiply/Divide Core test (ALU05). 


PUSH 
PUSH 
CALL 


<seed> 
<count> 
ALU04 


EREGI 
:= OOl4h 
EREG2 := OOOOh 
EREG 1 := 0115h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 := offending argument on error 


This module first executes the table driven MultiplylDivide test (ALU03). Then, if passed, 
pseudo-random argument pairs are generated and fed into the generalized Multiply/Divide 
Test (ALU05). The parameters passed to ALU04 set the random number seed, and the 
duration of the test. 


There is no restriction on the values pas~ed to the test. However, it must be noted that 
all possible combinations of signed and u signed, byte and word, two and three operand 
Multiply/Divides are done at least twice for each pair of arguments sent to ALU05. Each 
such test takes from I to 5 milliseconds depending upon the arguments. Therefore, if 
large values for the count parameter are selected, the test will be long. For example, 
lOOOhas a count will take about 12 seconds, depending upon the seed. NOTE: Some 
versions of SIM96 will not pass this test. 


The formula used to generate the number pairs is as follows: 


X(n + 1)= [(0101 h + 0001h) • X(n) -- 0001hI MOD Offffh 
where X(O) = seed 


This test performs a Divide/re-Multiply sequence for all possible combinations of two or 
three operand, signed or unsigned, byte or word operations using the arguments passed 
to it as operands. The results are verified. 


PUSH 
PUSH 
CALL 


<argument1 > 
<argument2> 
ALU05 


EREGI := OOl5h 
EREG2 := OOOOh 
EREGI := Oll5h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 := offending argument on error 


This module takes arguments from a calling program and performs upon them all possible 
combinations of byte or word, two or three operand, signed or unsigned multiplication 
and division. Argument2 is used to create the high and low words for a word Divide, 
and the low byte of Argumentl is used as the divisor in a byte Divide. 


The test checks multiplication and division by first dividing one operand by the other, 
then multiplying the quotient by the divisor and adding the remainder. If the result is the 
original dividend, the operations were correct. However, the possibility of legitimate 
division overflows must also be considered. 


The test first performs a division and checks flag status for correct indication of overflow 
conditions. If there has been an overflow, the dividend is right shifted by one, the expected 
result is updated, and the division is performed over. If a division by zero occurred, just 
the expected result is corrected and the test is continued. 


After a division and overflow checklfixup is complete, a re-multiplication occurs and the 
result verified. Flag status is also verified. If the results are correct, the original operands 
are reloaded into the test operand registers and the next Divide/re-Multiply combination 
is begun. 
• 
All DividelMultiply combinations are performed twice. Once with flags set upon entry, 
and once with flags clear upon entry. 


CALLing ALV03 will run a specially selected table of operands through this test. CALL- 
ing ALV04 will run a pseudo-random string of operands through this test. 


Complementary 
Address 
(MEM01) 
(for registers) 


This module performs a complementary address test on the registers locations lah to 
Offh. 


EREGI 
:= 0021h 
EREG2 
:= OOOOh 
EREGI 
:= Ol2lh 
EREG2 := address of the error 


This module performs a simple address and integrity test on register locations lah-Offh. 
The algorithm stores the value NOT(ADDRESS) in the location pointed to by ADDRESS 
for the range, then loops through memory again to verify the contents. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOI is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEMOI . 


Walking 
OneslZeros 
(MEM02) 
(for registers) 


EREG 1 := 0022h 
EREGI 
:= OOOOh 
EREGI 
:= Ol22h 
EREG2 := address of the error 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 


memory filled with zeros. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
lest 260 bytes into external RAM at the time MEM02 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM02 . 


• 


Galloping 
OneslZeros 
(MEM03) 
(for registers) 


Assembly Language Calling Sequence: 


CAll 
MEM03 


EREGI 
EREG2 
0023h 
OOOOh 
EREGI 
EREG2 
0123h 
address of the error 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. 


Caution: 
If the STACK is partially internal, the STACK POINTER must be pointing at 


least 260 bytes into external RAM at the time MEM03 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM03. 


PUSH 
CAll 
test_value 
MEM04 


EREGI 
EREG2 
0024/1 
OOOOh 
EREGI 
EREG2 
0124h 
number of bits set 


This module returns the number of bits that are set in the low byte of the parameter 
passed to the test. Any addressing mode may be used to put a value on the STACK, but 
the parameter on the STACK is treated as an immediate value. 


Checkerboard 
Pattern (MEMOS) 
(for registers) 


EREGI 
EREG2 
0025h 
OOOOh 
EREGI 
EREG2 
0125h 
address of the error 


This module performs a checkerboard test on the internal registers. A checkerboard pattern 
of ones and zeros is written into the physical rows and columns of the 8096 register 
space. As the pattern is being written, it is repeatedly verified. After the entire pattern 
is in place, the memory is verified again, complemented, and re-verified. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEM05 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution ofMEM05. 


This module performs a complementary address test on the memory partitioned by user 
supplied pointers. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM06 


EREGI 
EREG2 
0026h 
OOOOh 
EREGI 
EREG2 
0126h 
offending address 


This module performs a simple address and integrity test on RAM locations partitioned 
by the parameters passed. The algorithm stores the value NOT(ADDRESS) in the location 
pointed to by ADDRESS for the range, then loops through memory again to verify the 
contents. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEMO? 


EREGI 
EREG2 
0027h 
OOOOh 
EREGI 
EREG2 
Ol27h 
offending address 


This module performsa 
Walking Ones test on the memory partitioned by the calling 
program. The Walking Ones memory test first loads zero in all locations to be tested. 
Then, ones are placed in the first byte of memory, followed by a verification of all 
locations. Next, the first location is zeroed and ones are loaded into the second location. 
All memory is again verified. This process continues until all locations have been loaded 
with ones. 


Caution: Do not partition RAM that holds valid elements of the STACK. And, execution 
time increases non-linearly with memory partition widths. 


This module performs a Galloping Ones test on memory partitioned by the calling 
program. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM08 


EREGI 
EREG2 
0028h 
OOOOh 
EREGI 
EREG2 
Ol28h 
offending address 


This module performs a Galloping Ones test on memory locations partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


Caution: 
Do not partition locations that contain valid elements of the STACK. And, 


execution time increases non-linearly with memory partition widths. 


This module performs a Walking Ones and Zeros test on the memory locations partitioned 
by the calling progrilm. 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM09 


EREGI 
EREG2 
0029h 
OOOOh 
EREGI 
EREG2 
Ol29h 
offending address 


This module performs a Walking Ones and Zeros test on the memory partitioned by the 
calling program. 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 
memory filled with zeros. 


Caution: 
Do not partition RAM that contains valid elements of the STACK. And, 


execution time increases non-linearly with memory partition widths. 


This module performs a Galloping Ones and Zeros test on the memory locations partitioned 
by the calling program. 


PUSH 
PUSH 
CALL 


<starting 
address> 
<ending address> 
MEMOA 


EREGI 
EREG2 
002Ah 
OOOOh 
EREGI 
EREG2 
Ol2Ah 
offending address 


This module performs a Galloping Ones and Zeros test on memory partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. 


Caution: 
Do not partition RAM that contains valid elements of the STACK. And, 


execution time increases non-linearly with memory partition widths. 


This module calculates a 16bit checksum for the memory partition specified by the calling 
program. 


PUSH 
PUSH 
CALL 


<starting address> 
<ending 
address> 


MEMOS 


EREGI 
EREG2 
Ol2bh 
16-bit checksum 


This module performs a 16-bit checksum on the region of memory partitioned by the 
calling program. RAM or ROM may be partitioned. The module is non-destructive to 
RAM. 


This module performs a Checkerboard Pattern test on the internal registers lah-Offh with 
a user specified bit pattern. 


PUSH 
CALL 


<desired bit pattern> 
MEMOC 


EREGI 
EREG2 
002Ch 
OOOOh 
EREGI 
EREG2 
Ol2Ch 
address of the error 


This module performs a checkerboard test on the internal registers with the bit pattern 
specified by the calling program. The pattern is written into the physical rows and columns 
of the 8096 register space. As the pattern is being written, it is repeatedly verified. After 
the entire pattern is in place, the memory is verified again, complemented, and re-verified. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOC is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of 
MEMOC. 


This module performs a Checkerboard Pattern test on a specified region of memory with 
a specified pattern of bits. 


PUSH 
PUSH 
PUSH 
CALL 


<starting 
address> 


<ending 
address> 
<bit pattern> 
MEMOD 
• 


EREGI 
EREG2 
002dh 
OOOOh 
EREGI 
EREG2 
Ol2dh 
offending address 


This module performs a checkerboard test on a region of memory that is specified by the 
calling program using a bit pattern which is also specified. First, the pattern is written 
into memory. As the pattern is being written, it is repeatedly verified. After the entire 
pattern is in place, the memory is verified again, complemented, and re-verified. 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96A96 


EREGI 
EREG2 
0030h 
code checksum 
EREGI 
EREG2 
test module error code 
test module detail code 


This module calls all General Diagnostics using the parameters passed by the calling 
program. The parameters needed by the test for proper execution specify two areas of 
external RAM for memory tests, the ending address of code to be checksummed, the 
seed and length of the random ALU test, two specific arguments to do the Multiply/ 
Divide Core test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions of memory (i.e. Ik and lk) can reduce test time to a few minutes. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 


memory outside that partitioned during the CALL. 


D96P96(RAMsegment1 starting address, 


RAMsegment1 ending address, 
RAMsegment2 starting address, 
RAMsegment2 ending address, 
random seed, random test length, 
top of code address, 
argument1 for Multiply/DivideCore test, 
argument2 for MUltiply/DivideCore test, 
bit pattem for memory tests); 


PLMREG 
PLMREG+2 
OOFOh 
16-bit checksum 
PLMREG 
PLMREG+2 
module error code 
module detail code 


This module-calls all General Diagnostics using the parameters passed during invocation. 
The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALU test, two specific arguments to do the Multiply/Divide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning Ik and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions ofmemory·(i.e. 
Ik and Ik) can reduce test time to a few minutes. 


In his program, the user will have to DECLARE D96P96 an external procedure of the 
LONG type, with its parameters declared SLOW. The EREG I and EREG2 values reported 
by library modules are placed in the long-word location at PLM$REG. 


The DECLARations in D96P96 show how anyone General Diagnostic Module could be 
called from a PLM96 program. Each needed module needs to be DECLAREd an external 
procedure of the LONG type. 
• 
Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<top of code address> 
<argument1 
for MUltiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96FST 


EREGI 
EREG2 
OOEOh 
code checksum 
EREGI 
EREG2 
test module error code 
test module detail code 


This module calls the Power-up and Program Counter tests then all ALU tests. Then, 
Complementary Address, Galloping Ones/Zeros and Checkerboard tests are run on the 
internal registers. Finally, Complementary Address and specified pattern tests are done 
on external memory and the program is checksummed. 


The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALU test, two specific arguments to do the Multiply/Divide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes about 20 seconds to 
complete. Testing smaller regions of memory (i.e. lk and lk) can reduce test time further. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 


The Dynamic Stability Test is a set of interrupt service routines designed to run over a 
user's background task in either one stand alone 8097, or two 8097s that are cross- 
coupled. In the stand alone mode, the chip's output pins are hooked to its input pins. 
In the dual chip mode, each controller's output pins are tied to the input pins of the 
other. The minimum configuration for each mode are shown in Figures 2 and 3. See 
Figure 
II 
for the circuit 
diagram of a board that can be jumpered 
for either 
configuration. 


A "Dynamic Stability" 
test was developed to enable testing of the 8097 in an asyn- 
chronous environment. In the one chip mode, HSO events are synchronized with the HSI 
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event capture logic. However, in the cross-coupled mode, HSO events generated by one 
chip are captured in the HSI unit of another. As long as separate, non-syncronized clock 
sources are used for each chip, the HSI line events will occur asynchronously to the chip. 


To implement a test that could be either stand alone or co-resident without modifica- 
tion, the creation and verification of I/O events needed to be decoupled. Thus the basic 
structure of the Dynamic Stability Test takes the form of a set of I/O Producers causing 
events that I/O 
Consumers verify. Figure 4 gives a macro view of the Producer/ 
Consumer relationship. 
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Producer/Consumer exchanges were defined I 0 test nearly all of the 8097 VO capabilities 
concurrently. Following initialization, the tr msactions described are carried out by the 
set of interrupt service routines that make up he Dynamic Stability Test. The following 
section describes the test initialization. Then the tests performed are briefly described in 
the Producer/Consumer framework. 


To get the ball rolling, the background tas~ must first CALL an initialization routine 
(DSTISR). This routine clears memory, executes the Selected Tests program (D96FST) 
from the General 
Diagnostics, 
and checks for the presence of an external clock on 
T2CLK. The serial port is then initialized fcr internal or external baud rate generation 
based on the presence of an external clock, alld sign on messages are sent over the serial 
channel. 


After initial tests are complete, and just prior t )initiation of the interrupt service routines, 
a pulse is sent out on PORT!.3 that is used 
.0 synchronize controllers in the two chip 
mode. (See Figure 5.) Remember that the ob ective of the Dynamic Stability Test is to 
test the controllers asynchronously. Therefore. the synchronization is only done to insure 
that neither controller starts testing before beth are ready to begin. 


When a controller is ready to synchronize, it places a 0 on the PORTl.3 pin and looks 
for a 0 on its PORTIA pin. When a 0 is seen, the chip delays 600 microseconds, and 
then PORTI.3 is set high. The chip then loo]'s until PORTIA also goes high. Another 
delay is inserted, and the tests begin. The werst skew between two controllers that can 
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occur using this method is 9 state times (2.25 
!LS in a 12 Mhz system). However, the 
skew should average between four and five state times. In any case, the parts will be far 
from synchronized shortly after the tests begin. This is fine, as long as the tests begin 
together. 


In a one chip system, this process appears as a 600 microsecond pulse on PORT!.3. 
(See Figure 6.) The tests begin 600 microseconds after the rising edge. 


When synchronization is complete, the interrupt service routines are initialized, interrupts 
are enabled, and control is returned to the background task. At this point, the testing 
really begins. 


Producers and Consumers 


The Producer/Consumer 
exchanges on the 8097 are executed by the interrupt service 
routines of the Dynamimc Stability Test. 
While some interrupt routines contain an 
entire Producer or Consumer, some are spread through many routines. Figure 7 shows 
on a broad level the transactions that occur during test execution. Short descriptions of 
each Producer and Consumer follow,along with an indication of which interrupt routines 
contain them. 


Serial Producer 
eDSTSERe 
The Serial Producer constantly transmits a table of alpha- 
betic and special characters, and test data which includes the current status of the test 
and the REAL TIME since reset. 


Serial Consumer 
eDSTSERe 
The Serial Consumer monitors the data coming over the 
serial link to see if all the expected characters are transmitted correctly and in the correct 
order. Transmission of the test data and the REAL TIME is checked by counting characters 
between carriage returns. 


Port! 
Producer 
eDSTSWTe 
The Portl Producer outputs a series of values on Portl 
that are contained in a table constructed to test all possible combinations of input and 
output of ones and zeros. The test producer executes every 5000h TIMER I counts via 
the expiration of Software Timer I. 


Port! 
Consumer 
eDSTSWTe 
The Portl Consumer verifies the patterns appearing on 
Portl using a table which contains the expected values. The check executes every lOOOh 
TIMERI counts via the expiration of Software Timer 2. 


AiD Producer 
eDSTSWTe 
The NO Producer continually starts AID conversions by 
loading an HSO command to initiate an AID. The NO Producer executes every time 
Software Timer 0 expires. 


AJD Consumer eDSTAlDe 
The NO Consumer verifies the result of conversions initiated 
by the AID Producer. It then changes the channel set for conversion and loads an HSO 
command to cause a Software Timer 0 expiration. 


tA "'TEST 
~EGINS 


External Interrupt 
Producer eOSTHsoe 
The External Intenupt Producer causes rising 
edges on HSO .1, which is tied to EXTINT. This Producer executes every time there has 
been a falling edge on HSO.l. 


External 
Interrupt 
Consumer 
eOSTEXIe 
The External Intenupt Consumer responds 
to rising edges on EXTINT. It resets the WATCHDOG TIMER every execution and tests 
the Test Status Words every 30h executions to see that all tests are running. This Consumer 
also loads an HSO command to cause a falling edge on HSO.I 


PWM Producer 
eOSTToVe 
The PWM Producer executes every time there is a timer 
overflow. In addition to changing the PWM period, it toggles an LED and checks for 
unexpected TICLK overflows. There is no PWM Consumer per se, but the PWM output 
is tied to HSI.l which is configured to clock T2CLK. In this way TICLK counts at a 
known average rate, and is used by the test in a modulo count fashion to generate a real 
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time clock. This module is also expandable to include tests that a user might want tb 
execute only periodically. 


HSO Producer 
eDSTHSOe 
The High Speed Output Producer executes every time an 
HSo event on HSo.2 
or HSo.3 occurs. Varying pulse widths are created on the pins 
using predetermined tables of values. The minimum pulse width is lOOOH;the maximum 
is OCOOOHTIMERI counts. 


HSI Consumer 
eDSTHSIe 
The high speed inputs are monitored by the High Speed 
Input Consumer. The check executes every time an event occurs on HSI.2 or HSI.3. The 
HSI Consumer verifies that the proper pulse widths appear on the pins, and that the series 
of pulse widths is in the right order. 


Interrupt 
BURST Producer 
eDSTSWT,DSTHIO,DSTHSO,DSTHSOe 
The previous 


Producer/Consumer transactions either go between controllers in the dual-chip mode, or 
stay within the same controller in the single-chip mode. However, there is one Dynamic 
Stability Test that executes invisibly to a co-controller in the dual-chip mode. This test, 
the Interrupt BURST Test, causes a flood of interrupts that almost fully load the 8097 
with interrupt response requests. 


The Interrupt BURST Producer causes a complex chain of events that eventually lead to 
the updating of the REAL TIME Clock. Since the succession of events involves half of 
the interrupt service routines, the whole process is described here for understanding. 


The Big Picture - 
Each time the REAL TIME Clock is ready to be updated, a BURST 
of interrupts is setup to occur as close together as possible. Figure 8 shows the sequence 
of events that occur, their dependency on T2CLK and the commands written into the 
HSo CAM. If you 40n't need any more detail, skip "The nitty-gritty". 


The nitty-gritty 
- 
Every time an the AID Consumer finishes executing it sets up a 
Software Timer 0 expiration for TIMERI = TIMER I + 2. While T2CLK is between 
lOOhand 6OGh,the AID Producer (Software Timer 0) causes a new conversion with an 
HSo command. If T2CLK is greater than 600h, then an HSo command is loaded to 
cause a falling edge on HSo.O instead of causing an AID conversion to start. This begins 
the BURST sequence. 


The falling edge on HSo.O causes an HSo interrupt and an HSI interrupt, since HSo.O 
is tied to HSI.O. The HSo interrupt loads commands to raise HSo.O at T2CLK= 1900h 
and start an AID at T2CLK= 18ffh. The HSI interrupt loads no HSo commands. 


When T2CLK = 18ffh an AID conversion is begun. When T2CLK = 1900h a rising edge 
occurs on HSo.O causing T2CLK to be reset and HSo,HSI and HSI.O interrupt requests 
to be made. At approximately the same time an AID conversion completes and the AID 
Done interrupt request is made. 


The HSo interrupt service causes no further events. The HSI interrupt service routing 
loads an HSo command to cause a Software Timer 3 interrupt at T2CLK = Offh. The 
AID 
Consumer loads an HSo 
command to cause a Software Timer 0 interrupt at 
TIMERI = TIMER I + 2. When the AID Producer executes it loads a command to start 
an A/D conversion at T2CLK= lOOh. And the HSI.O interrupt service routine updates 
the REAL TIME Clock (the real output from this whole mess). 


The last interrupt that is serviced from this BURST is a Software Timer 3 expiration. 
This is the BURST Checker. It verifies that all interrupts occurred within a reasonable 
time window, but causes no further events if all tests passed. 


All these activities keep the HSo CAM almost fully loaded. So, to ensure that CAM 
overwrites never occur, two precautions were taken. First, one CAM slot was allocated 
to four of the tests that use the HSo unit, and two slots were allocated for shared use 
by the Interrupt BURST process and the A/D conversion process. 


The second precaution was to confirm that either the CAM was not full or the HOLDING 
REGISTER was empty (depending upon the test) before allowing any write to the CAM. 


Figure 9 shows the HSO CAM loading over time, with T2CLK as the timebase. Exter- 
nal Interrupt, Port!, HSO.2 and HSO.3 events each are allocated the use of one CAM 
slot all the time. While T2CLK is below 600h, but above IOOh,another CAM slot is 
used by the AID Done - 
Start AID sequence. When T2CLK goes above 600h, two 
slots are used by the Interrupt BURST process. The BURST events conclude when 
T2CLK is reset and climbs to IOOh.At IOOh,the AID Done - 
Start AID sequence 
being again. 
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All program modules that are needed to run the Dynamic Stability Test are contained 
in the DST96 Library (DST96.LIB). This Library is also a part of DIAG96.LIB. To use 
the test, one or two 8097s must be configured as previously shown. A background task 
for the Dynamic Stability interrupt service routines must also be provided and linked to 
DIAG96.LIB. For those who don't wish to write a background task, one is provided 
(DSTUSR). But, any code may be written which follows some simple rules. 


The software constraints are relatively minor, but they do create incompatibility with 
PLM96. All background tasks should be written in ASM96. 


Minimally, the background task must load the STACK POINTER, PUSH parameters, 
CALL DSTISR, and go into a loop. Any other code may come after the CALL to DSTISR, 
as long as: 


• 
Interrupts are never disabled for more than a few instructions; 


• 
No operations to or from special function registers occur (with the exception of reading 
TIMERl or TICLK), and 


Other less grave limitations on the main task are that it: 


• 
Be CSEGed at 2080h; 


• 
Write only to EREG I, EREG2, OSEG registers from 40h to 5Ch, or external RAM, 
(the OSEG is an RL96 technicality, once DSTISR returns control to the MAIN TASK, 
locations 40h to 5Ch are not touched by the Tests); other registers can be read, but 
not written to; 


• 
Communicate to the outside world through Port3 and Port4, (these Ports are untouched 
by the tests), or memory mapped I/O registers; 


To provide the Dynamic Stability Test modules for linkage to your program, modify 
the batch file DSTRL.BAT to suit your system with respect to memory mapping and 
invoke the batch file with the appropriate 
background task filename. For example, 


type: 


DSTRL DSTUSR 


The Hardware 


The Dynamic Stability Test has been designed to allow flexibility in the way output 
from the tests is used. 


Minimally, no output device (printer, terminal) or function generators need to be attached 
to the test. If the LED attached to Port 2.7 is not flashing, the test failed. However, no 
other information may be gained. 


To support a greater level of debugging (of the test code initially), the test was designed 
to output status and error information to one 4800 and one 300 baud device. The baud 
rates are derived from the function generators if present. Figure 10 shows how both 
devices can be attached to the test. 


With this configuration, the test outputs an initialization message to both devices, then 
selects just the 4800 baud line for monitoring the Serial Port Producer/Consumer trans- 
actions. If an error is detected, the 300 baud line is selected for an error information 
dump. 


A diagram of the circuit used in developing the Dynamic Stabilty Test appears in Figure 
II. It is sufficiently general purpose for use in either the single or double chip modes, 
with or without printers or terminals attached. 


The circuit requires that the 8097 I/O signals be present on an SBE-96 compatible 50 
pin connector. The circuit also assumes that the analog voltage reference is provided 
through the cable. Therefore, if you are using the SBE-96, the jumpers to do this need 
to be in place (jumper numbers vary with the SBE-96 version). 


Figure 12 describes how to jumber the Dynamic Stability Test board for one or two 
chip tests. Figure 13 shows the SBE-96 50 pin connector pinout. The following sections 
describe in detail the actions of each interrupt service routine in implementing the 
Producer jConsumer transactions. 
• 
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<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
DSTISR 


EREGI 
EREG2 
0040h 
OOOOh 


EREGI 
EREGI 
EREGI 
EREGI 


Ol40h on abnormal RESET 
0240h if T2CLK won't change 
0340h if T2RST did not work 
0440h if lOCO.I did not work 


EREG2 
EREG2 
EREG2 
EREG2 


TIMER I 
xxxxh 
xxxxh 
xxxxh 


This module initializes the registers used by Dynamic Stability Test Modules, checks 
to see if there is an external clock present, tests T2CLK counting and reset functionality, 
and outputs initialization messages to the two output devices. The selected tests module 
(D96FST) from the General Diagnostics is also ,executed using the parameters specified. 


When all initialization tests are passed, then a synchronization is performed to place the 
two processors in a dual-chip mode test in close sync. The PORTI pins are used as to 
perform the handshaking synchronization. After synchronization, all Dynamic Stability 
Tests are activated and control is returned to the user program. 


This module executes every time there is a rising edge on the EXTINT pin. The test 
resets the WATCHDOG TIMER and verifies execution of all Dynamic Stability routines. 


EREGI 
EREG2 
OIAOh if a test did not execute 
Number of Shifts done 


This routine executes every time there is a rising edge on the EXTINT pin, causing an 
external interrupt. Each execution, the WATCHDOG TIMER is reset and an HSO com- 
mand to clear the HSO.l 
pin in lOOOhTIMERI counts is loaded into the CAM. The 
HSO routine that responds to that event will cause HSO.I to go high, thus causing another 
vector to DSTEXI. 


Every 30h executions of this module, the Test Status Words are NOTed and then 
NORMaLized to see if any test did not execute. If any bit in the Test Status Words is 
left set after being complemented, the NORML instruction will leave the most significant 
bit set, indicating an error. If there was no error, the TSWORDs are cleared. The user 
can change a mask in DSTEXI to enable checking of any of the currently spare bits in 
TSWORD. The TSWORD bit map is as follows: 
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This module contains the Serial Port Consumer and Producer routines for the Dynamic 
Stability Tests. It is executed on every Serial Interrupt. 


EREGI 
EREG2 
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OIBOh if a bad character was received 
actual received character 


02BOh if an incorrect number of.characters 
came between carriage returns 


actual count 


This interrupt service routine executes every time there is a Serial Interrupt. The data 
that is transmitted and checked by the test consists of first, the alphabet and some special 
characters; second, the current REAL TIME; and finally, the bit representation of the 
Test Status Words. The receiver verifies the alphabet and funny characters and counts 
characters until a carriage return. The following is an example of what the output looks 
like. 


The code first checks for a Receive Done flag. If a receive just completed, the receive 
buffer is emptied and checked for validity. If the received character is a carriage return, 
then the count since the last carriage return is checked for correctness. 


After the receive service has finished, or if there was no receive, DSTSER then checks 
for the Transmit Done flag. If more transmits can be made, the next data byte is loaded 
into the transmit buffer. If the data is exhausted, a carriage return is sent, and the routine 
is set to transmit the first data byte again. 


This module is executed every time a Software Timer Interrupt expires. The routine 
includes the Portl Producer and Consumer, the AID producer, and the Interrupt Burst, 
control and verification code. 


EREGI 
OIDOh If an unexpected value is found on Port I 
EREG2 
expected value in high byte, actual value in low byte 
EREGI 
02DOh AID Done interrupt did not occur within BURST window 
EREG2 
Time between AID done and Software Timer 0 
EREGI 
03DOH REAL TIME update did not occur within BURST window 
EREG2 
Time between REAL TIME update and Software Timer 0 
EREGI 
04DOH HSO.O response did not occur within BURST window 
EREG2 
Time between HSO.O interrupt and Software Timer 0 
EREGI 
05DOH HSI(.O) response did not occur within BURST window 
EREG2 
Time between HSI(.O) service and Software Timer 0 
EREGI 
OIDIH Invalid T2CLK value reached 
EREG2 
T2CLK found 
EREGI 
02D IH Test reached an illegal Software Timer 0 state 
EREG2 
the illegal case jump that was made 


This module is called every time a Software Timer expires and causes and interrupt. 
Software timers are used by the AID Done - 
AID Trigger Sequence, the Interrupt Burst 
Sequence, and the Portl Producer and Portl Consumer. 


When Software Timer 0 expires, a case jump is done on the BURST_STATE 
variable 
to sequence the AID and interrupt BURST process to the appropriate state. Depending 
upon the value of T2CLK and the state of the AID converter, either an AID conversion 
is initiated or HSO.O is set to go low to begin the interrupt BURST events. 


When Software Timerl expires, a new value is written to Portl from a table constructed 
to test all combinations of input/output states on the quasi-bidirectional port pins. The 
HSO CAM is also loaded with a command to cause Software Timerl to overflow again 
in 5000h TIMERI counts. 


When Software Timer 2 expires, Portl is read and compared to a table of expected entries. 
If the value is correct, then an HSO command is loaded into the CAM to cause another 
Software Timer 2 expiration in lOOOhTIMERI counts. If the value is not correct, the 
next entry in the Table is checked. If there is still no match, an error is reported. If there 
is a match, the CAM loading occurs and Software Timer 3 is checked for expiration. • 


If Software Timer 3 has expired, then the flurry of BURST interrupts should have just 
occurred. The routine checks to see that each event happened within a reasonable time 
window. If the checks pass, then the routine exists with no further action. 


This routine executes every time there is a rising edge on HSI.O and updates the real 
time clock value. 


This module is the HSI.O interrupt service routine. On each rising edge of HSI.O, the 
value in the REAL TIME clock buffer is updated to reflect the passing of 1900h T2CLK 
counts. Since the PWM output is tied to T2CLK, and the average time between edges 
is 31.875 
/LS in a 12 MHz system, then 1900h T2CLK counts represents .204 seconds. 


Execution of this module occurs during the interrupt BURST events. No action other 
than updating the REAL TIME clock is taken in this routine. 


This module manages the pulse width outputs on HSO.2 and HSO.3, and causes the 
Manager test to execute. 


Every time an HSO command is executed that has the Interrupt bit set, this program 
executes. The routine manages the pulse widths on HSO lines two and three, and causes 
the Manager module to execute at the right time. 


When a falling edge has been caused on either HSO.2 or HSO.3, DSTHSO loads a 
command into the CAM to cause a rising edge on the same line at a time that gives the 
line a low pulse width equal to a predetermined table value. Rising edges cause analogous 
responses. The tables used cause low and high pulse widths that vary from lOOOhand 
OCOOOh.The length of the tables differ by one so that all combinations of low and high 
table times occur. 


When a falling edge was caused on HSO.I, the routine loads a command into the CAM 
to cause a rising edge on the same line two TIMERI counts later. Since HSO.1 is tied 
to the EXTINT pin, rising edges cause the Manager Routine to execute. 


This module does the verification of events on the HSI lines and initiates some interrupt 
BURST events when appropriate. 


EREGI 
OI6lh if a high pulse on HSI.2 had an unexpected width 
EREG2 
difference between actual and expected pulse width 


EREGI 
026lh if a low pulse on HSI.2 had an unexpected width 
EREG2 
- difference between actual and expected pulse width 


EREGI 
0361h if a high pulse on HSI.3 had an unexpected width 
EREG2 
difference between actual and expected pulse width 


EREGI - 046lh if a low pulse on HSI.3 had an unexpected width 
EREG2 
difference between actual and expected pulse width 


EREGI 
0561h if the HSI unit indicated that an HSI.l event occurred 
EREG2 
the time recorded in the FIFO 


This module executes every time an event is loaded into the HSI Holding Register. 
Verification of pulse widths on HSI.2 and HSI.3 is done from tables of expected values. 
Any deviation is reported as an error. 


If the test detects a negative transition on HSI.O, then commands are loaded into the 
HSO CAM to start an AID at T2CLK = l8ffh and to set HSO.O high at T2CLK = 
1900h. This results in an HSO, HSI, HSI.O and AID Done interrupt requests to occur at 
approximately the same time - 
approaching a full demand on interrupt service. 


When a rising edge on HSI.O is detected, an HSO command is loaded into the CAM to 
cause a Software Timer 3 interrupt when T2CLK = lOOh.The Software Timer 3 interrupt 
service will check to see that all burst events happened fast enough. 


HSI.l events are disabled from the FIFO. Any event detected on this line is reported as 
an error. 
• 


This module executes every time an AID conversion is complete. The conversion result 
is checked for correctness, the AID converter is setup to convert on the next channel 
when initiated by an HSO command, and an HSO command to cause a Software Timer 
o expiration is loaded. 


EREGI 
EREG2 
01COh on a conversion error 
channel on which error occurred 


This module executes every time an AID conversion is complete. The conversion result 
is checked against a test table for correctness, and the AID converter is setup to convert 
on the next channel when initiated by an HSO command. An HSO command to cause a 
Software Timer 0 expiration in 0002h TIMER I counts is loaded just prior to exiting the 
module. 


While T2CLK has a value between lDOhand 6OOh,AID conversions are initiated by the 
Software Timer 0 Interrupt service routine. When T2CLK goes above 6OOh, an AID 
conversion is initiated by the HSO.O interrupt service routine. 


Given the possibility of additive error in 5% resistors, the conversion is tested to only 
six bits of accuracy. 


This module toggles a port pin tied to an LED, manages the PWM output, performs some 
simple tests, and is expandable to allow inclusion of user written tests. 


EREGI 
EREG2 
Ol90h if T2CLK had an overflow indication 
T2CLK a the time the error was found 


This module executes every time TIMER I or T2CLK overflow. Only TIMERI overflows 
are valid however, so T2CLK overflows are flagged as an error. Each overflow, a new 
period is loaded into the PWMCONTROL register from a table of pulse periods. If an 
LED is connected, it will appear to slowly change in intensity. Port2.7 is also toggled 
in this routine to light another LED. 


This interrupt routine can be expanded with special tests that are to execute on a periodic 
basis. Any of the spare bits in the Test Status Words can also be used by specialized 
tests. They will be checked by the External Interrupt service routine with a simple change 
in a bit mask. 


SPSTATUS 
or 
SPWAIT 
or 
SR_ON_ERROR 
or 
RESET _WATCHDOG 


The SPSTATUS Macro is used to ORB the Serial Port Status Register to a temp register. 
The Macro needs to be used to work.around a bug in the 809x-90. 


The SPWAIT Macro is used to cause program execution to halt and wait for an RI or 
TI flag, depending upon which is specified. 


The BR_ON_ERROR 
Macro tests the high byte of EREGI and jumps to the label if 
the byte is not zero. This can be used every time a General Diagnostic completes since 
the detection of any error will cause the high byte of EREG I to be non-zero. 


The RESET_WATCHDOG 
Macro does just what it says. The WATCHDOG TIMER 
is reset by writing the correct sequence to location OAh. 


This module is called if any error is detected in the Dynamic Stability Test. Information 
about the error is output over the serial port, and the test is restarted. 


This module is CALled on detection of any error in the Dynamic Stability Test. When 
CALled, 
the procedure: 


• 
disables interrupts, 


• 
saves any rapidly changing values (TIMERI,T2CLK,HSO_STATUS, 
... 
), 
• 
waits for a serial transmit in progress to complete, 


• 
waits for the current serial receive to complete, 
• 
empties eight entries from the HSI_FIFO, 


• 
transmits an open loop sync sequence in case a co-controller is stuck in the sync 
routine, and 
• 
waits a few hundred milliseconds to ensure that a co-controller has also detected a 
failure. 


After these steps have been taken, the DSTERR de-selects the 4800 baud line, selects 
the 300 baud line, and outputs error messages. These messages include the Error Code 
(EREGI), the Detail Code (EREG2), the address of the line in the test which found the 
error, and the REAL TIME since reset. 


Following the error messages, the procedure dumps the data contained in the registers 
and the external error buffer out over the serial port to the 300 baud device. 


Finally, a RST instruction followed by a branch to the RST instruction is executed. If 
the WATCHDOG TIMER is externally disabled, the test will stay in this loop. If the 
'1WATCHDOG TIMER is not disabled, the test chip will reset, and the Dynamic Stability 
Test will reinitialize. 


This is an example program that initiates the Dynamic Stability Test and then executes 
some General Diagnostics as a background task. 


DSTUSR sends parameters defined at assembly time to the DST initialization routine 
(DSTISR). When control returns to DSTUSR, the example repeatedly executes ALUOI, 
ALU02, ALU04, ALU05 and MEMOA. It takes two minutes (with the given memory 
parameters) for the DSTUSR background task to cycle once while interrupts are running. 


When creating a custom background task, using this example program as a template will 
speed development. 
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APPENDIX A 


DIAG96.LIB Error Messages by EREG1 Code 


0000 
No Message 
EREG2 = Offffh 
MODULE = SYS01/Common Symbols 


0002 
All Tests Passed 
EREG2 = 0000 
MODULE = SYS02/System Power-up 


0003 
All Tests Passed 
EREG2 = 0000 
MODULE = SYS03/Program Counter 


0011 
All Tests Passed 
EREG2=0000 
MODULE = ALU01/Add/Subtract 


0012 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU02lMULUB 


0013 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU03/Multiply/Divide 
Table 


0014 
All Tests Passed 
EREG2=0000 
MODULE = ALU04/Multiply/Divide 
Random 


0015 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU05/Multiply/Divide 
Core 


0021 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM01/Complementary 
Address (Registers) 


0022 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM02lWaiking Ones/Zeros (Registers) 


0023 
All Tests Passed 
EREG2=0000 
MODULE = MEM03/Galloping Ones/Zeros (Registers) 


0024 
No bits were set in the byte tested 
EREG2 = 0000 
MODULE = MEM04/Bits Set 


0025 
All Tests Passed 
EREG2 = 0000 
MODULE = MEMOS/Checkerboard Pattern (Registers) 


0026 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM06/Complemenlary 
Address 


0027 
All Tests Passed 
EREG2=0000 
MODULE = MEM07/Walking Ones 


0028 
All Tests Passed 
EREG2=0000 
MODULE = MEM08/Galloping Ones 


0029 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM09/Walking Ones/Zeros 


002A 
All Tests Passed 
EREG2 = 0000 
MODULE = MEMOAlGalioping OneslZeros 


002C 
All Tests Passed 
EREG2 = 0000 
. 


MODULE = MEMOC/User Pattern (Registers) 


0020 
All Tests Passed 
EREG2 = 0000 
MODULE = MEMOD/User Pattern 


0030 
All Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 
MODULE = D96A96/ALL Tests in ASM96 


0040 
Initialization completed satisfactorily 
EREG2=0000 
MODULE = DSTISR/DST Initialization 


OOEO 
All Tests Passed, checksum is over range specified 
EREG = 16-bit checksum 
MODULE=D96FST/Selected 
Tests in ASM 


OOFO 
All Tests Passed, checksum is ready 
EREG2= 16-bit checksum 
MODULE = D96P96/ALL Tests in PLM96 


I/O Status Registers were unexpected 
EREG2 = 10SOin low by1e, IOS1 in high by1e 
MODULE = SYS02/System Power-up 
• 
0103 
Test Code Returned Early 
EREG2 = Early Time 
MODULE = SYS03/Program Counter 


0111 
An Addition error occurred 
EREG2=offending 
argument when the error occurred 
MODULE = ALU01/Add/Subtract 


0112 
Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 
MODULE = ALU02lMULUB 


0115 
A signed operation failed 
EREG2 = offending argument on error 
MODULE = ALU03/Multiply/Divide 
Table 


0115 
A signed operation failed 
EREG2 =offending argument on error 
MODULE =ALU04/Multiply/Divide 
Random 


0115 
A signed operation failed 
EREG2 =offending argument on error 
MODULE =ALU05/Multiply/Divide 
Core 


0121 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM01/Complementary Address (Registers) 


0122 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM02!Walking Ones/Zeros (Registers) 


0123 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM03/Galloping Ones/Zeros (Registers) 


0124 
At least one bit was set in the byte tested 
EREG2 =number of bits set 
MODULE = MEM04/Bits Set 


0125 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM05/Checkerboard 
Pattern (Registers) 


0126 
A memory location failed 
EREG2 =address of error 
MODULE = MEM06/Complementary 
Address 


0127 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM07!Walking Ones 


0128 
A memory location failed 
EREG2 =address of the error 
MODULE =MEM08/Galloping Ones 


0129 
A memory location failed 
EREG2 =address of the error 
MODULE = MEM09!Walking Ones/Zero 


012A 
A memory location failed 
EREG2 =address of the error 
MODULE = MEMOAlGalioping Ones/Zeros 


012B 
16-bit Checksum is ready 
EREG2 = 16-bit Checksum 
MODULE = MEMOB/Checksum 


012C 
A memory location failed 
EREG2 =address of the error 
MODULE = MEMOC/User Pattern (Registers) 


0120 
A memory location failed 
EREG2 = address of the error 
MODULE = MEMOD/User Pattern 


0140 
An abnormal RESET occurred 
EREG2 = TIMERl 
MODULE = DSTISR/DST Initialization 


0161 
A high pulse on HSI.2 had an unexpected width 
EREG2=difference 
between actual and expected pulse width 
MODULE = DSTHSl/High Speed Inputs 


0190 
An overflow of T2CLK was indicated 
EREG2 = TIMERl 
MODULE = DSTTOVlTimer Overflows 


01AO 
One or more DST Module did not execute on time 
EREG2=Number 
of SHIFTs done 
MODULE = DSTEXI/External Interrupt (Supervisor) 


01BO 
An unexpected serial character was received 
EREG2 = Bad character received 
MODULE = DSTSERISerial Port 


01CO 
An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 
MODULE = DSTA2D/AID Conversion Complete 


01DO 
Found unexpected value on PORTl 
EREG2=expected 
value in high byte, actual in low byte 
MODULE = DSTSWT/Software Timers 


01Dl 
Invalid T2CLK value reached 
EREG2 = T2CLK 
MODULE = DSTSWT/Software Timers 


0202 
TIMERl 
did not change over time 
EREG2 = TIMERl 
MODULE = SYS02/System Power-up 


0203 
Test Code Returned Late 
EREG2=Late 
Time 
MODULE = SYS03/Program Counter 


A Subtraction error occurred 
EREG2 = offending argument when the error occurred 
MODULE = ALUOl/Add/Subtract 
'. 
0215 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU03/Muitiply/Divide 
Table 


0215 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU04/Muitiply/Divide 
Random 


0215 
An unsigned operation failed 
EREG2=offending 
argument on error 
MODULE = ALU05/Muitiply/Divide 
Core 


0240 
T2CLK will not change 
EREG2=xxxx 
MODULE = DSTISR/DST Initialization 


0261 
A low pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


02BO 
A carriage return was received out of sequence 
EREG2 = number of characters since a carriage return 
MODULE = DSTSERISerial Port 


0200 
AID Done did not occur within BURST window 
EREG2 = Time between AID done and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0201 
Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 
MODULE = DSTSWT/Software Timers 


0302 
Zero Register was found to change 
EREG2=Program 
Status Word At Failure 
MODULE = SYS02lSystem Power-up 


0303 
Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 
MODULE = SYS03/Program Counter 


0311 
A flag error occurred 
EREG2 = offending argument when the error occurred 
MODULE = ALU01/Add/Subtract 


0315 
A flag error occurred 
EREG2=offending 
argument on error 
MODULE = ALU03/Muitiply/Divide 
Table 


0315 
A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU04/Muitiply/Divide 
Random 


0315 
A flag error occurred 
EREG2=offending 
argument on error 
MODULE = ALU05/Muitiply/Divide 
Core 


0340 
T2RST pin would not RESET T2CLK 
EREG2=xxxx 
MODULE = DSTISR/DST Initialization 


0361 
A high pulse on HSI.3 had an unexpected width 
EREG2=differel)ce 
between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


0300 
REAL TIME update did not occur within BURST window 
EREG2=Time 
between REAL TIME update and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0402 
PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 
MODULE = SYS02lSystem Power-up 


0440 
IOCO.1would not RESET T2CLK 
EREG2 = XXJ()( 
MODULE = DSTISRJDST Initialization 


0461 
A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSI/High Speed Inputs 


04DO 
HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0502 
Sticky Bit would not set 
EREG2=3fffh 
MODULE = SYS02/System Power-up 


0502 
Sticky Bit would not clear 
EREG2 = 0000 
MODULE = SYS02lSystem 
Power-up 


0561 
HSI unit indicated an HSI.1 event occurred 
EREG2 = Time recorded in HSI FIFO 
MODULE = DSTHSI/High Speed Inputs 


05DO 
HSI(.O) response did not occur within BURST window 
EREG2 = Time between HSI(.O) service and Software Timer 0 
MODULE = DSTSWT/Software Timers 


0602 
Carry Flag Test Failed 
EREG2=xxxx 
MODULE = SYS02lSystem Power-up 


0702 
Overflow flags would not set correctly 
EREG2 = 0002h 
MODULE = SYS02lSystem Power-up 


0702 
Overflow flags would not clear correctly 
EREG2=xxxx 
MODULE = SYS02lSystem 
Power-up 


0802 
Interrupt Pending Register failed read/write test 
EREG2 = offending Interrupt Pending byte 
MODULE = SYS02lSystem 
Power-up 


xx91 
(user defined) 
EREG2 = {user defined} 
MODULE = DSTTOVlTimer Overflows 


APPENDIX B 


DIAG96.LlB Error Messages by Module Name 


Add/Subtract 
0011 All Tests Passed 
EREG2 = 0000 


0111 An Addition error occurred 
EREG2 = offending argument when the error occurred 


0211 A Subtraction error occurred 
EREG2 = offending argument when the error occurred 


0311 A flag error occurred 
EREG2 = offending argument when the error occurred 


MULUB 
0012 All Tests Passed 
EREG2 = 0000 


0112 Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 


Multiply/Divide Table 
0013 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Random 
0014 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Core 
0015 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


All Tests in ASM96 
0030 All Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 


Selected Tests in ASM 
OOEOAll Tests Passed, checksum is over range specified 
EREG2 = 16-bit checksum 


ALL Tests in PLM96 
OOFOAll Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 


AID Conversion Complete 
01CO An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 


Ex1ernal Interrupt (Supervisor) 
01AO One or more DST Module did not execute on time 
EREG2 = Number of SHIFTs done 


High Speed Inputs 
0161 A high pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0261 A low pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0361 A high pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0461 A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0561 HSI unit indicated an HSI.1 event occurred 
EREG2 = Time recorded in HSI FIFO 


DST Initialization 
0040 Initialization completed satisfactorily 
EREG2 = 0000 


0140 An abnormal RESET occurred 
EREG2 = TIMER1 
• 


0240 T2CLK will not change 
EREG2 = xxxx 


0340 T2RST pin would not RESET T2CLK 
EREG2 = xxxx 


0440 IOCO.1 would not RESET T2CLK 
EREG2 = xxxx 


Serial Port 
01BO An unexpected serial character was received 
EREG2 = Bad character received 


02BO A carri,age return was received out of sequence 
EREG2 = number of characters since a carriage return 


DSTSWT 
Software Timers 
01DO Found unexpected value on PORT1 
EREG2 = expected value in high byte, actual in low byte 


01D1 Invalid T2CLK value reached 
EREG2 = T2CLK 


02DO AID Done did not occur within BURST window 
EREG2 = Time between AID done and Software Timer 0 


02D1 Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 


03DO REAL TIME update did not occur within BURST window 
EREG2 = Time between REAL TIME update and Software Timer 0 


04DO HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 


05DO HSI(.O) response did not occur within BURST window 
EREG2 = Time between HSI(.O) service and Software Timer 0 


Timer Overflows 
0190 An overflow of T2CLK was indicated 
EREG2 = TIMER1 


xx91 (user defined) 


EREG2 = (user defined) 


Complementary Address (Registers) 
0021 All Tests Passed 
EREG2 = 0000 


0121 A memory location failed 
EREG2 = address of the error 


Walking Ones/Zeros (Registers) 
0022 All Tests Passed 
EREG2 = 0000 


0122 A memory location failed 
EREG2 = address of the error 


Galloping Ones/Zeros (Registers) 
0023 All Tests Passed 
EREG2 = 0000 


0123 A memory location failed 
EREG2 = address of the error 


Bits Set 
0024 No bits were set in the byte tested 
EREG2 = 0000 


0124 At least one bit was set in the byte tested 
EREG2 = number of bits set 


Checkerboard Pattern (Registers) 
0025 All Tests Passed 
EREG2 = 0000 


0125 A memory location failed 
EREG2 = address of the error 


Complementary Address 
0026 All Tests Passed 
EREG2 = 0000 


0126 A memory location failed 
EREG2 = address of error 


Walking Ones 
0027 All Tests Passed 
EREG2 = 0000 


0127 A memory location failed 
EREG2 = address of the error 


Galloping Ones 
0028 All Tests Passed 
EREG2 = 0000 


0128 A memory location failed 
EREG2 = address of the error 


Walking Ones/Zeros 
0029 All Tests Passed 
EREG2 = 0000 


0129 A memory location failed 
EREG2 = address of the error 


Galloping OneslZeros 
002A All Tests Passed 
EREG2 = 0000 


012A A memory location failed 
EREG2 = address of the error 
• 


Checksum 
0128 16-bit Checksum is ready 
EREG2 = 16-bit Checksum 


User Pattern (Registers) 
002C All Tests Passed 
EREG2 = 0000 


012C A memory location failed 
EREG2 = address of the error 


User Pattern 
0020 All Tests Passed 
EREG2 = 0000 


0120 A memory location failed 
EREG2 = address of the error 


Common Symbols 
0000 No Message 
EREG2 = Offffh 


System Power-up 
0002 All Tests Passed 
EREG2 = OOOOh 


0102 I/O Status Registers were unexpected 
EREG2 = 10SO in low byte. IOS1 in high byte 


0202 TIMER1 did not change over time 
EREG2 = TIMER1 


0302 Zero Register was found to change 
EREG2 = Program Status Word At Failure 


0402 PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 


0502 Sticky Bit would not set 
EREG2 = 3fffh 


0502 Sticky Bit would not clear 
EREG2 = 0000 


0602 Carry Flag Test Failed 
EREG2 = xxxx 


0702 Overflow flags would not set correctly 
EREG2 = 0002h 


0702 Overflow flags would not clear correctly 
EREG2 = xxxx 


0802 Interrupt Pending Register failed read/write test 
EREG2 = offending Interrupt Pending byte 


Program Counter 
0003 All Tests Passed 
EREG2 = 0000 


0103 Test Code Returned Early 
EREG2 = Early Time 


0203 Test Code Returned Late 
EREG2 = Late Time 


0303 Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 


APPENDIX C 
DESCRIPTION OF DIAG96.LlB BATCH FILES 


The batch files that come with the library will help speed the process of either linking 
to the library as is, or revising library programs to suit custom purposes. 


Some batch files require a parameter that provides the extensionless name of a user 
definable variable file to be included in the action of the batch file. 


All DIAG96.LIB batch files assume that both the source and destination files reside in 
the same directory. Given ,he size of the library, and the fact that all of the files will 
not fit on one floppy disk, the command files will need to be edited if the user's system 
is not equipped with a hard disk. 


INSTAL. BAT - 
Used to install the library on a hard disk system. To install the library, 
create a directory called \ DIAG96 under the main directory, insert disk I into drive 
a: and type: 


DST360K .BAT & DST12MEG.BAT - 
CAUTION: THEE BATCH FILES WILL 
FORMAT AND DESTROY ALL INFORMATION 
ON THE FLOPPIES USED. 


These command files were created to make the DIAG96.LIB disk set. DST360K was 
created for use with 360K floppy disks and requires three diskettes. DST12MEG was 
created for use with 1.2M disks and only needs two diskettes. The batch files will prompt 
you to change disks. MAKE SURE TO ENTER THE CORRECT 
DISK DRIVE 
WHEN INVOKING THESE BATCH FILES. ALSO MAKE SURE TO INCLUDE 
THE DRIVE ID IN THE COMMAND 
LINE. THESE 
BATCH FILES FIRST 
FORMAT THE DISK, AND WE ALL KNOW WHAT WHEN DOS DEFAULTS 
TO THE HARD DISK!!!!!!!!!! 
For example: 


SCRUB. BAT - 
CAUTION: THIS FILE DELETES FILES USING WILDCARDS. 


All Diagnostic Library related files are delected for the \ DIAG96 directory. SYS?? 
and MEM?? wildcards are used, so be forewarned. This batch file does not delete itself!!!! 
To invoke this batch file, type: 


D96ASM. BAT - 
Assembles all General Diagnostic modules including the PLM 
compilation of D96P96.P96. To invoke the batch file, get in the \ DIAG96 directory 
and type: 
• 


DSTASM. BAT - 
Assembles all Dynamic Stability Test modules. To invoke the batch 
file, get in \ DIAG96 directory and type: 


DSTASM 


D96LP. BAT - 
Copies all General Diagnostic list files to a printer. Invocation must 
include a device where the printer resides. For example: 


D96LP lptl 


DSTLP .BAT - 
Copies all Dynamic Stability Test modules to a printer. Invocation 
must include a device where the printer resides. For example: 


DSTLP.BAT Iptl 


LPONLY .BAT - 
Executes D96LP.BAT and DSTLP.BAT. Invocation must include 
a device where the printer resides. For example: 


LPONLY Iptl 


D96LIB.BAT - 
Deletes the current DIAG96.LIB collection. Also creates a new library 


of the same name using the files resident in the \ DIAG96 directory bearing the General 
Diagnostics 
names. The DST96.LIB 
is not altered, 
and is included 
in the new 
DIAG96.LIB. To invoke the batch file, get in the \ DIAG96 directory and type: 


D96LIB 


DSTLIB.BAT - 
Deletes the current DST96.LIB collection. Also creates a new library 


of the same name using the files resident in the 
\ DIAG96 directory bearing the 


Dynamic Stability 
Test names. Since DST96.LIB 
is included 
in DIAG96.LIB, 


DIAG96.LIB is recreated by an invocation of D96LIB.BAT. To invoke this batch file, 
get in the \ DIAG96 directory and type: 


DSTLIB 


DSTRL.BAT - 
This batch file is of most interest to Dynamic Stability Test users. It 
links a specified main task to the library. This file makes assumptions about the hardware 
memory implementation that may not be correct. Therefore minor changes may need 
to be made to the DSTRL.BAT RL96 invocation statement. A file name without exten- 
sion must be provided and that file must reside in the \ DIAG96 directory. The batch 
file assumes that the extension of the object file to be linked to the library is .0BJ. For 
example: 


BLASTP .BAT - 
This batch file assembles the specified input file, then executes 


D96ASM.BAT, DSTASM.BAT, LPoNLY.BAT, 
DSTLIB.BAT, and DSTRL.BAT. 


Then, the listfile output of the user's assembly and the print file of the linkage are 
copied to the printer specified. The batch file assumes that the input file is in the 
\ DIAG96 directory and has a .A96 extension. For example: 


BLASTP Example_lptl 


BLASTN .BAT - 
This batch file executes all assemblies, compliations, and linkages 


executed in BLASTP.BAT, but no copies are sent to the printer. The batch file assumes 
that the input file is in the \ DIAG96 directory and has a .A96 extension. For example: 


BLASTN Example_task 


REGEN. BAT - 
Used to regenerate the library when only one module has changed. 
Specify the module that has changed when invoking this batch file. For example: 


MAKPLM.BAT 
- 
Used to make an impostor PLM96.LIB. The library created in not 
a real PLM96.LIB, and will not work with PLM programs. However, it is what is needed 
to use DIAG96.LIB. To invoke this batch file, get in the \ DIAG96 director and type: 


MAKPLM 


MAKBH.BAT - 
Used to modify the library to run in an 8X9XBH. The 8X9XBH 
fails a flag test because of the - 90 bug relating to the Z flag on add and subtract with 
carry is inadvertantiy verified by a library test. To invoke this batch file, get in the 
\ DIAG96 directory and type: 


D96RL. BAT - 
A generalized command that links target modules to DIAG96.LIB. It 
is intended for used when only the General Diagnostics are being used. Provide the 
target object file name and the directory in which it resides. For example: 


SOURCE 
FILE: 
:F5:D96A96.A96 
OBJECT 
FILE: 
:F5:D96A96.0BJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOGEN 
DEBUG 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
l~ 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3~ 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4~ 
41 
42 
43 
44 
45 
46 
41 
=1 
48 
=1 
49 
=1 
5~ 
=1 
~l 


:*.*** ••••••••••• 
***** 
••• ** ••• **.******.**** 
••••••• 
*****************.**.* 
ALL 
TESTS 
ASM96 
MODULE 
STACKSIZE(20) 
:**************.***********************.********** 
••• *** •• *.*****.*. 
ee30 


in 
order 
to 
run 
this 
module. 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
data 
ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


i<RAM 
seqmentl 
start 
address> 
i<RAM 
segment 1 ending 
address> 
i<RAM 
segment2 
start 
address> 
i<RAM 
seament2 
ending 
address> 
i<random 
seed> 
i<number 
of 
cycles 
desired 
for 
random 
test> 
i<address 
of 
the 
last 
byte 
of 
rom> 
i<an 
argument 
for 
mul/div 
tests> 
i<a 
second 
argument 
for 
mul/div 
tests> 
i<a 
bit 
pattern 
for 
memory 
tests> 
D96A96 


Remember, 
this 
test 
will 
take 
a 
long 
time 
if 
large 
memory 
regions 
are 
partitioned, 
or 
if 
a 
large 
number 
of 
cycles 
of 
random 
test 
numbers 
is 
requested. 
For 
example. 
with 
8Kbytes 
of 
Ram 
in 
each 
reqion 
the 
test 
executes 
in 
3 
hours. 


It 
is 
suggested 
that 
for 
large 
memory 
tests. 
that 
the 
complimentary 
address 
test 
be 
done 
on 
the 
whole 
region 
at 
once. 
Then. 
the 
more 
: exhaustive 
tests 
done 
on 
each 
memory 
chip 
in 
the 
system. 
:******* •••••• 
***** •••• 
******.******** 
•••••• **** •••• 
* •••••••• 
*** •••• ***. 


cseg 
at 
3000h 
extrn 
sys01.sys02.sys03,alu0l.alu02.alu03.alu04.alu05 
extrn 
mem01,mem02.mem03,mem04,mem05.mem06.mem07,mem08 
extrn 
mem09.mem0a.mem0b.mem0c.mem0d 


PUBLIC 
D96A96 
$eject 


$lnc!ude 
(:f3:dstmac.inc) 
,provides 
the 
macro 
BR 
ON 
Error 
.*** •••••••• 
**** 
••••••• 
*** •••••••••••••• 
***** 
•••• 
* •••• 
******.************. 
;DST 
Macros 
INCLUDE 
FILE 
j •••••••• 
*****.**.*** ••••••• ****.**** 
•• * ••••• 
j.*** ••• ** •••••••••••••••••••• 
** ••••• 
***.**.****** 
•• ** •••• 
********.*.*.*** 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
104 
105 
0000 
106 
D96A96: 
107 
0000 
EF0000 
E 
108 
CALL 
sysl!l2 
;CALL 
the 
System 
Power 
Up 
Test 
109 
110 
BR 
ON 
ERR 
Error 
Found 
114 
000A 
EF0000 
E 
115 
CALL 
alu01 
;CALL 
the 
Add/Subtract 
test 
116 
117 
BR 
ON 
ERR 
Error 
Found 
121 
0014 
EF0000 
E 
122 
CALL 
alu02 
;CALL 
the 
MULUB 
test 
123 
124 
BR 
ON 
ERR 
Error 
Found 
128 
001E 
EF0000 
E 
129 
CALL 
alu03 
;CALL 
the 
Multiply/Divide 
Table 
130 
;driven 
test 
131 
BR 
ON 
ERR 
Error-Found 
135 
0028 
CB000C 
E 
136 
PUSH 
0ch[sp] 
;PUSH 
a 
random 
seed 
002B 
CB000C 
E 
137 
PUSH 
l!Ich[sp) 
:PUSH 
the 
number 
of 
tests 
desired 
002E 
EF0000 
E 
138 
CALL 
alu04 
;CALL 
the 
MUltiply/Divide 
Random 
test 
139 
14l!1 
BR-ON 
ERR 
Error 
Found 
144 
....., 
l!I038CB0l!1l!16 
E 
145 
PUSH 
l!I6h[sp] 
;PUSH 
an 
argument 
I 
0> 
l!IlHBCB0l!1l!16 
E 
146 
PUSH 
06h[sp] 
:PUSH 
another 
arqument 
0> 
003E 
EFl!Il!I00 
E 
147 
CALL 
alul!l5 
;CALL 
the 
MUltiply/Divide 
Core 
Test 
148 
149 
BR 
ON 
ERR 
Error 
Found 
153 
0048 
EF0000 
E 
154 
CALL 
meml!ll 
;CALL 
a Complementary 
Address 
test 
155 
;on 
the 
internal 
reaisters 
156 
BR 
ON 
ERR 
Error 
Found 
160 
0052 
EF0l!100 
E 
161 
CALL 
mem02 
;CALL'a 
Walking 
Is/0s 
test 
on 
162 
;the 
internal 
registers 
163 
BR 
ON 
ERR 
Error 
Found 
167 
005C 
EF0000 
E 
168 
CALL 
mem03 
;CALL 
a Galloping 
Is/0s 
test 
on 
169 
;the 
internal 
reqisters 
170 
BR 
ON 
ERR 
Error 
Found 
174 
0066 
C800 
E 
175 
PUSH 
zero 
;PUSH 
a 
zero 
0068 
EF0000 
E 
176 
CALL 
mem04 
;CALL 
the 
Bits 
Set 
Test 
177 
178 
BR 
ON 
ERR 
Error 
Found 


182 


0072 
EF0000 
E 
183 
CALL 
mem05 
;CALL 
a Checkerboard 
Pattern 
test 
184 
;for 
internal 
reqisters 
185 
8R 
ON 
ERR 
Error 
Found 
189 
007C 
CB0lH4 
E 
19l!1 
PUSH 
14h[sp] 
PUSH 
the 
start 
address 
007F 
CB0014 
E 
191 
PUSH 
14h[sp] 
and 
the 
end 
address 
of 
a 
RAM 
area 
0082 
EF0000 
E 
192 
CALL 
meml!l6 
and 
CALL 
a Complementary 
Address 
test 
193 


ERR 
WC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
194 
BR ON 
ERR 
Error 
Found 
198 
fIlfIJ8C 
CBfIlflllfll 
E 
199 
PUSH 
Ifllh[sp] 
PUSH 
a second 
start 
and 
end 
address 
llfll8FCBfIlflllfll 
E 
2f1lfll 
PUSH 
Ifllh[sp] 
and 
repeat 
the 
fIlfll92 
EFfIlfllfllfll 
E 
2f1l1 
CALL 
memfll6 
complementary 
Address 
test 


202 
203 
BR ON 
ERR 
Error 
Found 


2f1l7 
flJfIl9C 
CBfIlIH4 
E 
2f1l8 
PUSH 
14h[sp] 
PUSH 
a 
start 
address 
fIl09FCBflJ014 
E 
209 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 
il0A2 EF000fIJ 
E 
21fll 
CALL 
mem07 
CALL 
a Ilalking 
Ones 
test 
211 
212. 
BR ON 
ERR 
Error 
Found 
216 
fIl0ACCB001fll 
E 
217 
PUSH 
Ifllh[sp] 
PUSH 
the 
start 
and 
end 
address 
fIlfllAt' 
CB0f1l1fll 
E 
218 
PUSH 
Ifllh[sp] 
for 
another 
section 
of 
RAM 
fIl0B2EF0f1lfll0 
E 
219 
CALL 
mem07 
and 
repeat 
the 
Walking 
Ones 
test 
22f1l 
221 
BR ON 
ERR 
Error 
Found 
3: 
225 
&l 
fIlllBCCBfIlfll14 
E 
226 
PUSH 
14h[sp] 
PUSH 
a start 
address 
@ 
fIlfllBF 
C8"'014 
E 
227 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 
I 
'C 
0f1lC2EF00f1lfll 
E 
228 
CALL 
memfll8 
CALL 
a Gallopinq 
Ones 
test 
Cl\ 
229 
~ 
23'" 
BR 
ON 
ERR 
Error'Found 
....• 
234 
- - 
- 
IJQ= 
I 
235 
0 
a> 
'" 
....• 
0f1JCCCB0010 
E 
236 
PUSH 
10h[sp] 
PUSH 
a second 
start 
and 
end 
address 
~ 
fIJ"'CFC8f1J010 
E 
237 
PUSH 
Ifllh[sp] 
for 
another 
region 
of 
RAM 
and 
'" 
0f1l02EFfIl0f1lfll 
E 
238 
CALL 
mem08 
CALL 
the 
Galloping 
Ones 
test 
again 
t: 
239 
..... 
240 
BR 
ON 
ERR 
Error 
Found 
••.. 
244 
'< 
fIl~OCCBfIlfll14 
E 
245 
PUSH 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
fIlfIJOF 
CB0f1l14 
E 
246 
PUSH 
14h[sp] 
a region 
of 
RAM 
fIl0E2EFfIlfllfllfll 
E 
247 
CALL 
mem09 
CALL 
the 
Ilalking 
ls/0s 
test 
248 
249 
BR ON 
ERR 
Error 
Found 
253 
~54 
0"'EC CBfIl01fll 
E 
255 
PUSH 
Ifllh[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
0f1lEFCB0010 
E 
256 
PUSH 
10h[sp] 
another 
region 
of 
RAM 
0f1JF2EF0000 
E 
257 
CALL 
mem09 
CALL 
the 
Walking 
ls/0s 
test 
again 
258 
259 
BR-ON 
ERR 
Error 
Found 
263 
flJ0FCCB0014 
E 
264 
PUSH 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
00FF 
CB0014 
E 
265 
PUSH 
14h[sp] 
a 
region 
of 
RAM 
0102 
EF0000 
E 
266 
CALL 
mem0a 
CALL 
a Gallopinq 
ls/0s 
test 


267 
268 
BR ON 
ERR 
Error 
Found 
272 
273 


010C 
CBl'l010 
E 
274 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 


010F 
CB0010 
E 
275 
PUSH 
10h[sp] 
another 
reqion 
of 
RAM 
0112 
EF0000 
E 
276 
CALL 
memflJa 
CALL 
the 
Gallopinq 
Is/0s 
test 
again 
277II 


1:1125CBI'J014 
0128 
C801'J14 
0128 
C81J006 
012E 
EF0000 


0136 
C80010 
0139 
C801l10 
013C 
C80006 


\l13F EF0000 


0147 
C81'J014 
014A 
CB01'J14 
0140 
EF0000 


0155 
CB0010 
1'J158CBI'J011'J 
015B 
EF0001'J 


1'J163C98020 
1'J166CB000A 
1'J169EF0000 


0171'JCF01'J14 
Il173 65120000 
0177 
FI'J 


0178 


0178 
CF0014 
017B 
65120000 


017F 
F0 


LINE 
278 
282 
283 
284 
285 
286 
287 
291 
292 
293 
294 
295 
296 
297 
301 
302 
303 
304 
305 
306 
307 
311 
312 
313 
314 
315 
316 
320 
321 
322 
323 
324 
325 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 


PUSH 
PUSH 
PUSH 
CALL 
mem0d 


PUSH 
PUSH 
PUSH 
CALL 
mem0d 


PUSH 
PUSH 
CALL 
sys03 


PUSH 
PUSH 
CALL 
sys03 


PUSH 
PUSH 
CALL 
mem0b 


POP 
14h[sp] 
ADD 
sp. U2h 
RET 


PUSH 
a bit 
pattern 
to 
use 
and 
CALL 
the 
Checkerboard 
Pattern 
test 
for 
internal 
re~isters 


14h[sp] 
14h[sp] 
06h[sp] 


:PUSH 
the 
start 
and 
end 
address 
of 
a 
region 
of 
RAM. 
then 
;PUSH 
a bit 
pattern 
to 
use. 
then 
;CALL 
the 
Checkerboard 
Pattern 
test 
~ for 
external 
memory 


Hlh[sp] 
10h[sp] 
06h[sp] 


;PUSH 
the 
start 
and 
end 
address 
: of 
another 
region 
of 
RAM. 
then 
:PUSH 
a 
bit 
pattern 
to 
use, 
then 
;CALL 
the 
Checkerboard 
Pattern 
test 


; for 
external 
memory 


14h[sp] 
14h[sp] 
:PUSH 
a 
startin~ 
address. 
and 
;PUSH 
an 
ending 
address 
for 
; the 
Program 
Counter 
Module 


10h[sp] 
10h[sp] 
;PUSH 
the 
start 
and 
end 
addresses 
;for 
a 
second 
test 
region 
for 
; for 
the 
Program 
Counter 
Module 


i2080h 
0ah[sp] 
;PUSH 
the 
code 
starting 
address 
;PUSH 
the 
ending 
code 
address 
:CALL 
the 
Checksum 
routine 


;ALL 
DIAG96 
TESTS 
PASSED 
; load 
the 
appropriate 
error 
code 


POP 
14h[sp] 
clean 
off 
the 
stack 
ADD 
sp, U2h 
RET 
return 
to 
the 
calling 
program 
:**** •••••• 
***** •• *************.**** 
•• ******* 
•• ***.*****.**** 
••••••• *****. 
end 


SYMBOL TABLE LISTING 
-------------------- 


N A M E 
VALUE 
ATTRIBUTES 


ALL.TESTS-ASM96 
MODULE STACKSIZE(2e) 
ALU01 
CODE EXTERNAL 
ALUe2 
CODE EXTERNAL 
ALUe3 
CODE EXTERNAL 
ALUe4 
CODE EXTERNAL 
ALUeS 
CODE EXTERNAL 
BR ON ERR 
MACRO 
D96A96. 
eeeeH 
CODE REL PUBLIC ENTRY 
EREGI 
REG EXTERNAL 
EREG2 
REG EXTERNAL 
ERROR FOUND 
e17SH 
CODE REL ENTRY 
::: 
MACRO-TEMP. 
eeeeH 
REG REL BYTE 
("'l 
MEMel 
CODE EXTERNAL 
rn 
MEMl12 
CODE EXTERNAL 
if' 
MEMe3 
CODE EXTERNAL 
\Q 
C7I 
MEMe4 
CODE EXTERNAL 
t::l 
MEM0S 
CODE EXTERNAL 
ilr 
....., 
MEMe6 
CODE EXTERNAL 
CIQ 
= 
I 
MEMe7 
CODE EXTERNAL 
Q 
(J) 
[fi. 
CO 
MEMeS 
CODE EXTERNAL 
;:;- 
MEMe9 
CODE EXTERNAL 
'" 
MEMeA 
CODE EXTERNAL 
t"'" 
MEMeB 
CODE EXTERNAL 
;:.. 
MEMeC 
CODE EXTERNAL 
•••.. 
MEMeD 
CODE EXTERNAL 
'< 
RESET WATCHDOG. 
MACRO 
RI. 
eee6H 
NULL ABS 
SP. 
REG EXTERNAL 
SP STAT. 
REG EXTERNAL 
SPS'l'ATUS. 
MACRO 
SPWAIT. 
MACRO 
SYSel 
CODE EXTERNAL 
SYSe2 
CODE EXTERNAL 
SYS03 
CODE EXTERNAL 
TI. 
eeeSH 
NULL ABS 
ZERO. 
REG EXTERNAL 


ASSEMBLY COMPLETED. 
NO ERROR(S) FOUND. 
I 


SERIF.S-III 
PL/M-96 
VI.0 
COMPILATION 
OF 
MODULE 
ALLDIAG96TF.STS 
OBJECT 
MODULE 
PLACED 
IN 
:F2:D96P96.0BJ 
COMPILER 
INVOKED 
BY: 
PLM96.86 
:F2:D96P96.P96 
CODE 
DEBUG 


AII$Diaq96$Tests: 
DO, 


2 
1 
SYSI<I2: 
PROCEDURE 
DlIORD EXTERNAL, 
3 
2 
END 
SYS02, 


4 
1 
SYS03: 
PROCEDURE 
(parmI,parm2) 
DWORD 
EXTERNAL, 
5 
2 
DECLARE 
(parmI.parm2) 
WORD, 
6 
2 
END 
SYS03, 


7 
1 
ALU0I: 
PROCEDURE 
DWORD 
EXTERNAL, 
8 
2 
END 
ALV0I, 


9 
1 
ALU02: 
PROCEDURE 
DWORD 
EXTERNAL, 
10 
2 
END 
ALUll2, 
;l: 


11 
1 
ALU03: 
PROCEDURE 
DlIORD EXTERNAL, 
~ 
@ 
12 
2 
END 
ALU03, 
~~ 


13 
1 
ALUI<I4: 
PROCEDURE 
(parmI,parm2) 
DWORD 
EXTERNAL, 
\ 
~ 
....• 
14 
2 
DECLARE 
(parmI.parm2) 
WORD, 
IJQ 
I 
15 
2 
END 
ALUI<I4, 
= 
....• 
~ 
0 
~ 
16 
1 
ALU05: 
PROCEDURE 
(parmI,parm2) 
DWORD 
EXTERNAL, 
i';" 
'" 
17 
2 
DECLARE 
(parmI,parm2) 
WORD, 
t: 
18 
2 
END 
ALU05, 
.,... 
DO 
19 
1 
MEM0I: 
PROCEDURE 
DWORD 
EXTERNAL, 
.. 
'< 
21<1 
2 
END 
MEI10I: 


21 
1 
MEM02: 
PROCEDURE 
DWORD 
EXTERNAL, 
22 
2 
END 
MEM02 , 


23 
1 
MEM03 
: 
PROCEDURE 
DWORD 
EXTERNAL, 


24 
2 
END 
MEM03: 


25 
1 
MEM04: 
PROCEDURE 
(parmI) 
DlIORD EXTERNAL: 
26 
2 
DECLARE 
(parmI) 
IIORD: 
27 
2 
END 
MEM04: 


28 
1 
MEM05 : 
PROCEDURE 
DWORD 
EXTERNAL, 


29 
2 
END 
MEM05: 


30 
1 
MEM06: 
PROCEDURE 
(parmI,parm2) 
DIIORD EXTERNAL: 
C 
31 
2 
DECLARE 
(parmLparm2) 
IIORD, 
CD 


32 
2 
END 
MEMI'J6: 
0) 
"U 


33 
1 
MEMH7: 
PROCEDURE 
(parmI,parm2) 
DWORD 
EXTERNAL: 
CD 


34 
2 
DECLI\RE 
(parmI,parm2) 
WORD: 
0) 


35 
2 
END 
~lEM07: 


36 
1 


37 
2 


38 
2 


39 
1 
40 
2 
41 
2 


42 
1 
43 
2 
44 
2 


45 
1 
46 
2 
47 
2 


48 
1 
49 
2 
50 
2 


51 
1 
52 
2 
53 
2 


54 
55 


--..j 
I--..j 
56 
...• 


MEM08: 
PROCEDURE 
(parmI.parm2) DlIORDEXTERNAl,~ 
DECLARE 
(parmI.parm2) WORD~ 


END MEM08~ 


MEM09: 
PROCEDURE 
(par~I.parm2) DWORD EXTERNAL~ 


DECLARE 
(parmI.parm2) WORD~ 
END MEM09~ 


MEM0A: 
PROCEDURE 
(parmI,parm2) DWORD EXTERNAL~ 


DECLARE 
(parmI.parm2) llORD, 
END MEM0A, 


MEM0B: 
PROCEDURE 
(parmI,parm2) DIIORDEXTERNAL, 


DECLARE 
(parmI,parm2) WORD, 
END MEM0B~ 


MEM0C: 
PROCEDURE 
(parmI) DWORD EXTERNAL, 
DECLARE 
(parmI) WORD~ 
END MEM0C~ 


MEM0D: 
PROCEDURE 
(parmI.parm2.parm3) DlIORDEXTERNAL, 
DECLARE 
(parmI.parm2.parm3) WORD~ 
END MEM0D~ 


D96P96: PROCEDURE 
(ramI$start.ramI$stop. 
ram2$start.ram2$stop. 
random$seed.random$lenath. 
top$of$code, 
. 


argumentl.araument2. 
bit$pattern) 
DWORD PUBLIC, 


DECLARE 
(raml$start.raml$stop. 
ram2$start,ram2$stop. 
random$seed.random$length. 
top$of$code. 
argumentl.argument2. 
bit$pattern) 
WORD SLOI/, 


II 


71 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


73 
2 
result=ALU~5(argumentl.argument2)~ 
74 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


76 
2 
result=MEM01~ 
77 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


79 
2 
result=MEM02; 
80 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


B2 
2 
result=MEM03; 
B3 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


B5 
2 
result=MEM04(0)~ 
B6 
2 
IF 
error$codes.number 
> 
255 
THEN 
GO TO 
end$tests; 


8B 
2 
result=MEM05~ 
B9 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


91 
2 
result=MEM06(raml$start.raml$stop)~ 


92 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


94 
2 
result=MEM06(ram2$start,ram2$stop); 
95 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


97 
2 
result=MEM07(raml$start,raml$stop); 
.....• 
9B 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 
I.....• 
I\) 
101l 
2 
result=MEMIl7(ram2$start,ram2$stop); 
Ull 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


1113 
2 
result=MEMIlB(raml$start,raml$stop); 
1~4 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


1116 
2 
result=MEMIlB(ram2$start,ram2$stop)~ 
107 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


109 
2 
result=MEMIl9(raml$start.raml$stop)~ 
110 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


112 
2 
result=MEM09(ram2$start.ram2$stop)~ 
113 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


115 
2 
result=MEMIlA(raml$start,raml$stop); 
116 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


lIB 
2 
result=MEMIlA(ram2$start.ram2$stop); 
119 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


121 
2 
result=MEMIlC(bit$pattern); 
122 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


124 
2 
result=MEMIlD(raml$start,raml$stop.bit$pattern); 
125 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests~ 


127 
2 
result=MEMIlD(ram2$start,ram2$stor,bit$rattern)~ 


128 
2 
IF error$codes.number 
) 255 THEN GOTO end$tests; 


130 
2 
resu1t~SYS03(ram1$start.ram1$stop): 
131 
2 
IF error$codes.number 
) 255 THEN GOTO end$tests; 
s: 


133 
2 
resu1t~SYS03(ram2$start.ram2$stop): 
n 


134 
2 
IF error$codes.number 
) 255 THEN GOTO end$tests; 
rFJIf 
'D 


136 
2 
resu1t~MEM0B(2080h.top$of$code); 
'"~ 


137 
2 
error$codes.number~00f0h: 


0> 
-...j 
IJQ 


I 
= 


-...j 
138 
2 
end$tests: 
RETURN 
result: 


0 


(,) 
~n° 


139 
2 
END D96P96: 
'"t"" 


140 
1 
END A11$Dia~96$Tests: 
;:.. 
0>.. 
..., 


I 


STATEMENT 
56 
1111110 
096P96: 
I1l1liWCBll0 
E 
PUSH 
7FRAMEI11 
11002 
A01800 
E 
LO 
7FRAME01,SP 
STATEMENT 
5B 
0005 
EF0000 
E 
CALL 
SYS02 
11110B A01E02 
R 
LO 
RESULT+2H,TMP2 
001lB 
A01C00 
R 
LO 
RESULT,TMP0 
: 
STATEMENT 
59 
000E 
B9FF00011 
R 
CMP 
ERRORCOOES 
••0FFH 
0012 
0102 
BNH 
@0001 
: 
STATEMENT 
60 
0014 
2226 
BR 
ENOTESTS 
: 
STATEMENT 
61 
0016 
@0001: 
0016 
EF0000 
E 
CALL 
ALU01 
0019 
A01E02 
R 
LO 
RESULT+2H,TMP2 
001C 
A01C00 
R 
LO 
RESULT.TMP0 
; 
STATEMENT 
62 
001F 
B9FF000" 
R 
CMP 
ERRORCOOES 
••0FFH 
0023 
0102 
BNH 
@0002 
3: 
; 
STATEMENT 
63 
g 
01:J25 2215 
BR 
ENOTESTS 
@ 
; 
STATt;MENT 
64 
I~ 
0027 
@0002: 
~ 
0027 
EF0000 
E 
CALL 
ALU02 
!:2 
I102A 
A01E02 
R 
LO 
RESULT+2H,TMP2 
so 
-..j 
IIQ 
I 
0020 
A01C00 
R 
LO 
RESULT.TMP0 
= 
-..j 
0 
.j>. 
; 
STATEMENT 
65 
~ 
0030 
B9FF0000 
R 
CMP 
ERRORCOOES 
••0FFH 
f)' 
0034 
0102 
BNH 
@0"03 
'"t: 
; 
STATEMENT 
66 
r:t' 
0036 
2204 
BR 
ENOTESTS 
.. 
so 
; 
STATEMENT 
67 
.. 
'< 
003B 
@0003: 
003B 
EF0000 
E 
CALL 
ALU03 
003B 
A01E02 
R 
LO 
RESULT+2H.TMP2 
003E 
A01C00 
R 
LO 
RESULT,TMP0 
; 
STATEMENT 
6B 
0041 
B9FF0000 
R 
CMP 
ERRORCOOES,.0FFH 
0045 
0102 
BNH 
@0004 
; 
STATEMENT 
69 
0047 
21F3 
BR 
ENOTESTS 
; 
STATEMF.NT 
79 
0049 
@0004: 
0049 
C9EF47 
PUSH 
.47EFH 
004C 
C90010 
PUSH 
U000H 
004F 
F.F11000 
E 
CALL 
ALU04 
0052 
A"IE02 
R 
LO 
RF.SULT+2H.TMP2 
0055 
A01C00 
R 
LO 
RESULT.TMP0 
; 
STATEMENT 
71 
005B 
B9FF0000 
R 
CMP 
F.RRORCOOF.S ••0FFH 
005C 
D102 
BNII 
@I1005 
; 
STATt:MF.NT 
72 
01:J5E 21DC 
BR 
ENDTESTS 
STATt:MENT 
73 


0060 
@0005: 
1!J060 CB01!J08 
E 
PUSH 
ARGUMENT1[?FRAME01] 
0063 
CB0006 
E 
PUSH 
ARGUMENT2[?FRAME01] 
00C6 
EF0000 
E 
CALL 
ALU05 
0069 
A01E02 
R 
LO 
RESULT+2H.TMP2 


006C 
A01C00 
R 
LO 
RESULT.TMP0 
: 
STA1'EMENT 
74 
006F 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 
0073 
0102 
BNH 
@0006 
: 
STATEMENT 
75 
0075 
21C5 
BR 
ENOTESTS 
: 
STATEMENT 
76 
0077 
@0006: 
0077 
EF0000 
E 
CALL 
MEM01 
01!J7A A01E02 
R 
LO 
RESULT+2H.TMP2 
0070 
A01C00 
R 
LO 
RESULT.TMP0 
STATEMENT 
77 
0080 
89FF001!J0 
R 
CMP 
ERRORCOOES.t0FFH 
0084 
0102 
BNH 
@0007 
: 
STATEMENT 
78 
0086 
21B4 
BR 
ENOTESTS 
::: 
: 
STATEMENT 
79 
~ 
0088 
@0007: 
VJ 
0088 
EF0000 
E 
CALL 
MEM02 
\".l 
008B 
A01E02 
R 
LO 
RESULT+2H.TMP2 
Ie~ 
!<l08E A01C00 
R 
LO 
RESULT.TMP0 
0 
: 
STATEMENT 
80 
il;" 
-...I 
0091 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 
~ 
I 
= 
-...I 
0095 
0102 
BNH 
@0008 
Q 
c.n 
STATEMENT 
81 
~ 
: 
;:;. 


0097 
21A3 
BR 
ENOTESTS 
., 
: 
STATEMENT 
82 
t"" 
0099 
@0008: 
;:.. 
0099 
EF0000 
E 
CALL 
MEM03 
so.. 
009C 
A01E02 
R 
LO 
RESULT+2H.TMP2 
'< 
009F 
A01C00 
R 
LO 
RESULT.TMP0 
STATEMENT 
83 
00A2 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 
00A6 
0102 
BNH 
@0009 
: 
STATEMENT 
84 
00AB 
2192 
BR 
ENOTESTS 
: 
STATEMENT 
85 
00AA 
@0009: 
00M 
C800 
PUSH 
R0 
0I!JAC EF0000 
E 
CALL 
ME~U'4 
00AF 
A01E02 
R 
LO 
RESULT+2H.TMP2 
0ldB2 
MllC00 
R 
LO 
RESULT.TMP0 
: 
STATEMENT 
86 
00115 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 


00B9 
0102 
BNH 
@000A 
: 
STATEMENT 
87 
I!JIdBB 217F 
BR 
ENOTESTS 
: 
STATEMENT 
88 


00BD 
@1!J00A: 


00BO 
EFU000 
E 
CALL 
MEM05 
00C0 
I\I<llEl/J2 
R 
LO 
RESULT+2H.TMP2 
I 


0"'C3 
MICe0 
R 
LO 
RESULT.TMP'" 


; 
STATEMENT 
89 
00C6 
89FF"''''00 
R 
CMP 
ERRORCOOES.#0FFH 
0"'CA 
0102 
BNH 
@000B 
; 
STATEMENT 
90 
"''''CC216E 
BR 
ENOTESTS 
; 
STATEMENT 
91 
00CE 
@000B: 
00CE 
CB0"'16 
E 
PUSH 
RAMISTART[?FRAMF.01] 
lJ001 
CB0014 
E 
PUSH 
RAMISTOP[?FRAME01] 
0"'04 
EF"'00'" 
E 
CALL 
MEM06 
0"'07 
A01E"'2 
R 
LO 
RESULT+2H.TMP2 
030A 
A01C"'''' 
R 
LO 
RESULT.TMP0 
; 
STATEMENT 
92 
"'000 
89FF0"'00 
R 
CMP 
ERRORCOOES.#0FFH 
"''''El0102 
BNH 
@000C 
; 
STATEMENT 
93 
001::3 2157 
BR 
ENOTESTS 
; 
STATEMENT 
94 
00E5 
@000C: 
00E5 
CB0012 
E 
PUSH 
RAM2START[?FRAMF.01] 
3: 
",eE8 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
("") 
"'0EB 
EF0000 
E 
CALL 
MEM06 
1JJ 
@l 
00EE 
A01E02 
R 
LO 
RESULT+2H.TMP2 
. 
\C 
00F'l 
A01C"'0 
R 
LO 
RESULT.TMP0 
CI\ 
; 
STATt:MENT 
95 
0 
0"'F4 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
.r 
"'-l 
0102 
@0000 
(JQ 
I 
"''''f'8 
BNH 
= 
96 
Q 
"'-l 
; 
STATEMENT 
~ 
(J) 
00FA 
2140 
BR 
F.NOTESTS 
;:;. 
; 
STATEMENT 
97 
en 
0"FC 
@0"'00: 
t"';: 
00FC 
CB0016 
E 
PUSH 
RAmSTART[?FRAME01] 
..• 
CBIHn4 
PUSH 
RAMISTOP[?FRAME01] 
•• 
"'0FF 
E 
..• 
"'102 
EF"'000 
E 
CALL 
MEM07 
...• 


"'105 
A01E02 
R 
LO 
RESULT+2H.TMP2 
0108 
A"'lC00 
R 
LO 
RESULT.TMP0 
; 
STATEMENT 
98 
01"'B 
89FFe"'00 
R 
CMP 
ERRORCOOES.#0FFH 
Il10F 
0102 
BNH 
@000E 
; 
STATEMENT 
99 
0111 
2129 
BR 
ENOTESTS 
; 
STATEMENT 
100 
0113 
@000E: 
Il113 
CB01l12 
~; 
PUSH 
RAM2START[?FRAMEel] 
"'116 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 


Il119 
EF001l0 
E 
CALL 
ME~107 


011C 
A01E02 
R 
LO 
RESULT+2H.TMP2 
"'l1F 
AIlIC00 
R 
LO 
RESULT.TMP0 
STATEMENT 
101 


0122 
89FF01lll0 
R 
CMP 
ERRORCOOES.#0FFH 


0126 
0102 
BNH 
@e"'''F 
STATEMENT 
102 
e128 
2112 
BR 
ENOTF.STS 
; 
STAn:MENT 
103 
012A 
@Il"'''F: 


012A 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
'H2O 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
IH30 
EF0000 
E 
CALL 
HEM08 


0133 
A01E02 
R 
1,0 
RESULT+2H.TMP2 
0136 
AIlIC00 
R 
1.0 
RESULT.TMP0 
: 
STATEMENT 
104 
0139 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
0130 
0102 
BNH 
@0010 


: 
STATE~IENT 
105 
013F 
20FB 
BR 
ENOTESTS 
: 
STATEI1ENT 
106 
0141 
@0010: 


0141 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0144 
CB00H' 
E 
PUSH 
RAM2STOP[?FRAHE01] 


0147 
EF0000 
E 
CALL 
MEM08 
014A 
A01E02 
R 
1.0 
RESULT+2H.TMP2 
0140 
A01C00 
R 
1.0 
RESULT.TMP0 
: 
STATEMENT 
107 
0150 
89~'F0000 
R 
CMP 
ERRORCOOES.#0FFH 
0154 
0102 
BNH 
@0011 
: 
STATEMENT 
108 
3: 
0156 
20E4 
BR 
ENOTESTS 
: 
STATEMF.NT 
109 
t;l 
0158 
@0011: 


@l 


0158 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
,::,~ 
015B 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
t:l 
015E 
EF0000 
E 
CALL 
MEM09 
jl;' 
-..j 
0161 
Al/lIE02 
R 
1.0 
RESULT+2H.TMP2 
IJQ 
I 
= 
-..j 
11164 
A01C00 
R 
1.0 
RESULT.TMP0 
C> 
-..j 
: 
STATEMENT 
110 
~ 
;:;' 
0167 
89~'F0000 
R 
CMP 
ERRORCOOES.#0FFH 
'" 
016B 
0102 
BNH 
@0012 
t: 
: 
STATEMENT 
111 
..... 
0160 
20CO 
BR 
ENDTESTS 
•••.. 
; 
STATEMENT 
112 
"'" 
016F 
@0012: 
016F 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0172 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
0175 
EF0000 
E 
CALL 
ME'109 
0178 
MJlE02 
R 
1.0 
RESULT+2H.TMP2 
I'll 
7B 
A01C00 
R 
1.0 
RESULT.TMP0 
; 
STATEMENT 
113 
017E 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
13182 
0102 
BNH 
@13013 
: 
STATEMENT 
114 
0184 
20B6 
BR 
ENOTESTS 
: 
STATEMENT 
115 
0186 
@0013: 


0186 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
0189 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
IH8C 
EF01l00 
E 
CALL 
MEM0A 
018F 
A01E02 
R 
1.0 
RESULT+2H.TMP2 
0192 
A01C00 
R 
1.0 
RESULT.THP0 


: 
STATF.'lENT 
116 
0195 
89FFI1000 
H 
CMF 
ERRORCOOES.#0FFH 
0199 
0102 
BNH 
@0014 
I 


STATEMENT 
117 
"'19B 
209F 
BR 
ENOTESTS 
, 
STATEMENT 
118 


fJ190 
@0fJ14: 


1<l190 CRIl012 
E 
PUSH 
RAM2START[?FRAME01] 
liI1AfJCB0010 
E 
PUSH 
RAM2STOP[?FRAME01) 
01A3 
EF0000 
E 
CALL 
MEM0A 
'HA6 
A01E02 
R 
1,0 
RESULT+2H,TMP2 
1l1A9 
A01C0fJ 
R 
LD 
RESULT,TMPIil 
, 
STATEMENT 
119 
01AC 
89FF0000 
R 
CMP 
ERRORCODES,.0FFH 
01B0 
0102 
BNH 
@01l15 
, 
STATEMENT 
120 
01B2 
2088 
BR 
ENOTESTS 
, 
STATEMENT 
121 
"'lB4 
@0015: 
"'lB4 
CB0004 
E 
PUSH 
BITPATTERN[?FRAME01) 
01B7 
EF0000 
E 
CALL 
MEM0C 
01BA 
A01E02 
R 
LD 
RESULT+2H.TMP2 
01BO 
A01C00 
R 
LD 
RESULT,TMP0 
, 
STATEMENT 
122 
3: 
"'lC0 
89~'F0000 
R 
CMP 
ERRORCOOES.'0FFH 
~ 
01C4 
0102 
BNH 
@0016 
, 
STATEMENT 
123 
'fJ 
Ie 
01C6 
2074 
BR 
ENOTESTS 
t:I\ 
, 
STATEMENT 
124 
s:1 
-...j 
01C8 
@0016: 
••• 
01CB 
C80016 
RAM1START[?FRAME01) 
(IQ 
I 
E 
PUSH 
= 
-...j 
01CB 
CB0014 
E 
PUSH 
RAM1STOP[?FRAME01) 
0 
(]) 
~ 
01CE 
CB01l"'4 
E 
PUSH 
BITPATTERN[?FRAME01) 
;:;' 
IHOl 
EF0"'00 
E 
CALL 
MEM00 
'" 
0104 
Al'llE02 
R 
1,0 
RESULT+2H.TMP2 
~ 
0107 
AIllC00 
R 
1,0 
RESULT,TMP0 
0-.. 
STATEMENT 
125 
••• 
, 
.. 
0lDA 
B9FF01<l"'0 
R 
CMP 
ERRORCOOES 
••0FFH 
...• 


010E 
0102 
BNH 
@0017 
, 
STATEMENT 
126 
01E0 
205A 
BR 
ENOTESTS 
, 
STATEMENT 
127 
"'lE2 
@0017: 
01E2 
CB0012 
E 
PUSH 
RAM2START[?FRAME01) 
01E5 
CB01l10 
E 
PUSH 
RAM2STOP[?FRAME01) 
01EB 
CB0004 
E 
PUSH 
BITPATTERN[?FRAME01] 
01EB 
EF0000 
E 
CALL 
MEM00 
IHEE 
A01E02 
R 
LD 
RESULT+2H,TMP2 
01Fl 
A01C00 
R 
1,0 
RESULT.TMP0 
STATEMENT 
12B 


lHF4 
B9FF0000 
R 
CMP 
ERRORCODES.,0FFH 
01F8 
0102 
BNH 
@001B 
, 
STATEMENT 
129 


"'lFA 
2040 
BR 
ENOTESTS 


I 
STATEMENT 
130 


"H'C 
@001B. 
01FC 
CB0016 
E 
PUSH 
RAM1START[?FRAME01] 
IllFF 
CB"''''14 
E 
PUSH 
RAM1STOP[?FRAME01) 
0202 
EF01l00 
E 
CALL 
SYB03 


11205 
AI'llE02 
R 
LD 
RESULT+2H,TMP2 


11208 
A01C00 
R 
LD 
RESULT,TMP0 
STATEMENT 
131 
1'l20B 
89FF'0000 
R 
CMP 
ERRORCODES.t0FFH 
1120F' 
D102 
BNH 
@1'l019 
STATEMENT 
132 
1'l211 
2029 
BR 
ENDTESTS 
STATEMENT 
133 
0213 
@01'l19: 
0213 
CB0012 
E 
PUSH 
RAM2START[?FRAMEl'll] 
0216 
CB01'l11'l 
E 
PUSH 
RAM2STOP[?FRAMEl'll] 
0219 
EF01'l1'l0 
E 
CALL 
SYS03 
I'l21C 
AI'l1EI'l2 
R 
LD 
RESULT+2H,TMP2 
1'l21F 
Al'llC1'l1'l 
R 
I,D 
RESULT.TMPI'l 
STATEMENT 
134 
1'l222 
89FFI'l',H'l1'l 
R 
CMP 
r.RRORCODES.tI'lFFH 
0226 
D102 
BNH 
@l'll'llA 
STATEMENT 
135 
0228 
21'l12 
BR 
ENDTESTS 
:: 
STATEMENT 
136 
1122A 
@01'l1A: 
f2 
022A 
C981'l21'l 
PUSH 
t21'l81'lH 
@ 
022D 
CB001'lA 
E 
PUSH 
TOPOFCODE[?FRAMEl'll] 
.:c~ 
11231'l EF001'l1'l 
E 
CALL 
MEMI'lB 
0 
11233 
AI'llEI'l2 
R 
LD 
RESULT+2H,TMP2 
is" 
-...j 
1'l236 
A01CII0 
R 
LD 
RESULT.TMPI'l 
(JQ 
I 
STATEMENT 
137 
= 
Q 
-...j 
1'l239 
AD FI'l 
I'll'l 
R 
LDBZE 
ERRORCODES,tl'lFI'lH 
~ 
CD 
;;" 
STATEMENT 
138 
'" 
1'l23C 
ENDTESTS: 
t'"' 
1123C 
AI'l021E 
R 
LD 
TMP2.RESULT+2H 
;:.. 
1123F 
AI'l01'l1C 
R 
LD 
TMPI'l,RESULT 
'".. 
0242 
CCI'l0 
E 
POP 
?FRAMEl'll 
...• 
1'l244 
A21822 
LD 
TMP6, 
[SP] 


1'l247 
65161'l1'l18 
ADD 
SP,U6H 
1'l24B 
E322 
BR 
[TMP6] 


STATEMENT 
139 


STATEMENT 
141'l 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
1'l24DH 
589D 
CONSTANT 
AREA 
SIZE 
0001'lH 
liD 
DATA 
AREA 
SIZE 
01'l00H 
I'lD 


STATIC 
REGS 
AREA 
SIZE 
1'l01'l4H 
4D 


OVERLAYABLE 
Rr.GS ARF.A SIZE 
1'l01'l0H 
' 
I'lD 


MAXIMUM 
STACK 
SIZE 
I'lIJI'lAH 
HID 
183 
LINES 
READ 


PL/M-96 
COMPILATION 
COMPLETE. 
o \IARNINGS. 
o 
ERRORS 


SOURCE 
FILE: 
:F5:D96FST.A96 
OBJECT 
FILE: 
:F5:D96FST.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOGEN 
DEBUG 


LINt 


2 
3 
4 
5 
6 
7 
8 


'" 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


:•••••••••••• 
**** •••••••••• 
*** ••••••••••••• 
**** ••••••••••• 
** ••• * ••••••••• 
Selected 
Tests 
ASM96 
MODULE 
STACKSIZE(20) 
:•••••••••••• 
***.****** 
••••••••• 
** •••• 
** •••• 
**.**.***.**** 
••••••• **. 
0031 


In 
order 
to 
run 
this 
module. 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
data 
ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


t<RAM 
seamentl 
start 
address> 
t<RAM 
segment 
1 ending 
address> 
t<RAM 
segment2 
start 
address> 
t<RAM 
segment2 
ending 
address> 
t<random' 
seed> 
t<number 
of 
cycles 
desired 
for 
random 
test> 
t<address 
of 
the 
last 
byte 
of 
rom> 
t<an 
argument 
for 
mUl/div 
tests> 
t<a 
second 
argument 
for 
mul/div 
tests> 
t<a 
bit 
pattern 
for 
memory 
tests> 
D96FST 


cseq 
extrn 
sys01;sys02.sys03.alu01.alu02.alu03.alu04.alu05 
extrn 
mem01.mem02.mem03.mem04.mem05.~em06.mem07.mem08 
extrn 
mem09.mem0a.mem0b.mem0c.mem0d 


PUBLIC 
D96FST 
$eject 


LINE 
38 
39 
=1 
40 
=1 
41 


=1 
42 


=1 
43 
=1 
44 
=1 
45 
=1 
46 
=1 
47 
=1 
48 
=1 
49 
=1 
50 
=1 
51 
=1 
52 
=1 
53 
=1 
54 
=1 
55 
=1 
56 
=1 
57 
=1 
58 
=1 
59 
=1 
60 
=1 
61 
=1 
62 


=1 
63 
=1 
64 
=1 
65 
=1 
66 
=1 
67 
=1 
68 
=1 
69 
=1 
70 
=1 
71 
=1 
72 
=1 
73 
=1 
74 
=1 
75 
=1 
76 
=1 
77 
=1 
78 
=1 
79 
=1 
80 
=1 
81 
=1 
82 
=1 
83 
=1 
84 
=1 
85 
=1 
86 
=1 
87 


=1 
88 


=1 
89 


=1 
90 
=1 
91 
=1 
92 


=1 
93 


=1 
94 


00"'0 
0005 
0006 


$include 
(:f3:dstmac.inc) 
~************* ••********.***.* ••***.*******.***** 
•••** •• ** •••••••• 
****** •• 
:DST 
Haeros 
INCLUDE 
FILE 
:*******.******** 
•••• * •••• 
* •••• 
****** •••••• 
** 


:* •• *•••• ******* 
••••••••••••••• 
**.********* 
••••••••• 
*** •••••••• 
****** ••••• 


macro temp: 
OSB 
extrn-zero,sp_stat 


cseg 
ti 
equ 
5 
ri equ 6 


RESET \,ATCHOOG 
MACRO 
LOB 
LOB 


macro to read sp stat to 
work 
around the rifti bug 
on the 8x9x-90. 


LOB 
ORB 
ANOB 
JNE 


vI 
Sp_read 


macro temp.sp stat 
vl.macro temp- 
macro temp.#01100000B 
Sp_read 


macro 
to wait for rifti set 
and avoid 8x9x-90 buq. 
NOTEll this macro won't work 
with a full duplex 
line. 
sp stat.v2.$ 
zero.sp_stat 


:************* 
•••• ** ••• ******.********** 
•••••••••••••••• 
** ••••••••••••• 


BR ON ERR 
MACRO 
Label 
macro 
to test hiah byte of 


- 
- 
EREGI and branch 
awav if 
CMPB 
ereql+lh.zero 
the byte 
is non-zero 
(which 


BNE 
Label 
means 
there was an error). 
ENml 
:* •••••••• 
** ••••• 
** •••••• 
*** •••••••• 
******.**.** 
••• ***.*.*******.****.* 


'''''28CB000C 
002B 
CB000C 
1J02E EF0000 


0038 
CB0006 
01J3B CB0006 
01:l3EEF0000 


1J066 CB0014 
1J069 CB0014 
006C 
EF0000 


0074 
CB0010 
0077 
CB01!J10 
007A 
EF0001!J 


LINE 
96 
97 
98 
99 
100 
101 
105 
106 
107 
108 
112 
113 
114 
115 
119 
120 
121 
122 
126 
127 
128 
129 
130 
131 
135 
136 
137 
138 
139 
140 
144 
145 
146 
147 
151 
152 
153 
154 
158 
159 
160 
161 
165 
166 
167 
168 
169 
170 
174 
175 
176 
177 
178 
179 
183 
184 
185 


PUSH 
PUSH 
CALL 
alu04 


PUSH 
PUSH 
CALL 
alu05 


PUSH 
PUSH 
CALL 
mem06 


PUSH 
PUSH 
CALL 
mem06 


0ch[sp] 
0ch[ sp] 
;PUSH 
a 
seed 
and 
test 
length 
; for 
the 
random 
number 
based 
; Multiply/Divide 
Random 
test 


06h[sp] 
06h[sp] 
;PUSH 
an 
argument 
;PUSH 
another 
argument 
;CALL 
the 
Multipiy/Divide 
Core 
test 


;CALL 
the 
Galloping 
Is/0s 
test 
; for 
internal 
reaisters 


14h[sp] 
14h[sp] 
;PUSH 
a 
start 
and 
end 
address 
for 
a 
region 
of 
RAM 
to 
conduct 
the 
Complementary 
Address 
test 
for 
external 
RAM 


10h[sp] 
10h[sp] 
;PUSH 
a 
start 
and 
end 
address 
for 
another 
reqion 
of 
RAM 
to 
conduct 
; the 
Complementary 
Address 
test 
for 
; external 
RAM 


14h[sp] 
14h[sp] 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
0"'88 CBCilCil"6 
E 
186 
PUSH 
Cil6h[sp] 
a bit 
pattern 
to 
use 
in the 
CilCil8B 
EFCilCilCilCil 
E 
187 
CALL 
mem0d 
Checkerboard 
Pattern 
test 
for 
188 
external 
RAM 
189 
BR ON 
ERR 
Error 
Found 
193 
"'093 CBCil010 
E 
194 
PUSH 
10h[sp] 
:PUSH 
a start 
and 
end 
address 
for 
0096 
CB0010 
E 
195 
PUSH 
10h[sp] 
: another 
region 
of 
RAM. 
and 
PUSH 
0099 
CBCil0Cil6 
E 
196 
PUSH 
06h[sp] 
a bit 
pattern 
to 
use 
in the 
"'09C EF00Cil'" 
E 
197 
CALL 
memCild 
: Checkerboard 
Pattern 
test 
for 
198 
: external 
RAM 
199 
BR ON 
ERR 
Error 
Found 
203 
00M 
CB0014 
E 
204 
PUSH 
14h[sp] 
:PUSH 
a 
start 
and 
end 
address 
I'Jl'JA7 
CB"'014 
E 
2Cil5 
PUSH 
14h[sp] 
; 
for 
a 
region 
of 
RAM 
to 
conduct 
:: 
1'J0AAEFCilI'JCilI'J 
E 
21'J6 
CALL 
sysl'J3 
; the 
Pro~ram 
Counter 
test 
21'J7 
Q 
208 
BR 
ON 
ERR 
Error 
Found 
@ 
I 
212 
~ 
I'Jl'JB2 
CB0l'Jll'J 
E 
213 
PUSH 
1I'Jh[sp] 
;PUSH 
a 
start 
and 
end 
address 
~ 
0 
",IiB5CBCill'Jll'J 
E 
214 
PUSH 
1I'Jh[sp] 
; 
for 
another 
region 
of 
RAM 
to 
conduct 
;;- 
...., 
I'Jl'JB8 
EF'l'J1'J01'J 
E 
215 
CALL 
sysl'J3 
; the 
Program 
Counter 
test 
(JQ 
I 
216 
= 
C> 
Q) 
217 
BR 
ON 
ERR 
Error 
Found 
~ 
W 
221 
;:;. 
'" 
I'JI'JC'" 
C98020 
222 
PUSH 
t2080h 
;PUSH 
the 
code 
starting 
address 
t: 
0"'C3 CB000A 
E 
223 
PUSH 
0ah[sp] 
;PUSH 
the 
code 
ending 
address 
~.. 
00C6 
EF0000 
E 
224 
CALL 
memCilb 
; CALL 
the 
checksum 
routine 
••.. 
225 
'< 
1'J0C9Al310000 
E 
226 
LD 
eregl.t0031h 
:ALL 
DIAG96 
TESTS 
PASSED 
227 
; 
load 
appropriate 
error 
code 
228 
"'0CD CF0014 
E 
229 
POP 
14h[sp] 
: clean 
off 
the 
stack 
Cil00065120000 
E 
23O 
ADD 
sp,U2h 
0004 
F0 
231 
RET 
; 
return 
to 
the 
calling 
program 
232 
O005 
233 
Error 
Found. 
234 
"'005 CF0014 
E 
235 
POP 
14h[sp] 
; clean 
off 
the 
stack 
0"08 
6512000Cil 
E 
236 
ADD 
sp,U2h 
IHJDC F0 
237 
RET 
; 
return 
to 
the 
calling 
program 
238 
239 
:***************** 
•• ********.************************.******.*.********* 
•• 
1'J0DD 
240 
end 
I 


SYMBOL 
TABLE 
LISTING 
-------------------- 


N 
A 
M 
E 
VALUE 
ATTRIRUTES 


ALU"'l 
----- 
CODE 
EXTERNAL 
ALU02 
----- 
CODE 
EXTERNAL 
ALUU3 
----- 
CODE 
EXTERNAL 
ALU04 
. 
CODE 
EXTERNAL 
ALU05 
----- 
CODE 
EXTERNAL 
BR 
ON 
ERR 
----- 
MACRO 
D96FST. 
0000H 
CODE 
REI, PUBLIC 
ENTRY 
EREGI 
----- 
REG 
EXTERNAL 
EREG2 
----- 
REG 
EXTERNAL 
ERROR 
FOUND 
00D5H 
CODE 
REI, ENTRY 
MACRO-TEMP. 
0000H 
REG 
REI, BYTE 
:: 
MEM01 
----- 
CODE 
EXTERNAL 
MI::M02 
----- 
CODE 
EXTERNAL 
(") 
MEM'"3 
----- 
CODE 
EXTERNAL 
~ 
MEM04 
----- 
CODE 
EXTERNAL 
..:c~ 
MEM05 
----- 
CODE 
EXTERNAL 
0 
MEM06 
----- 
CODE 
EXTERNAL 
~L 
.r 
--J 
MEM07 
----- 
CODE 
EXTERNAL 
IlQ 
I 
MEM08 
----- 
CODE 
EXTERNAL 
= 
Q 
(X) 
MEM09 
----- 
CODE 
EXTERNAL 
~ 
.;. 
,:;- 
MEM0A 
----- 
CODE 
EXTERNAL 
'" 
MEM0B 
----- 
CODE 
EXTERNAL 
!: 
MEM0C 
----- 
CODE 
EXTERNAL 
<:r'.. 
MEM0D 
----- 
CODE 
EXTERNAL 
I'>.. 
RESET 
HATCHDOG. 
----- 
MACRO 
'< 
RI. 
0006H 
NULl. ABS 
SELECTED 
TESTS 
ASM96. 
----- 
MODULE 
STACKSIZE(20) 
SP. 
- 
- 
----- 
REG 
EXTERNAL 
SP 
STAT 
. 
----- 
REG 
EXTERNAL 
SPSTATUS. 
----- 
MACRO 
SPIIAIT. 
----- 
MACRO 
SYS01 
----- 
CODE 
EXTERNAL 
SYS02 
----- 
CODE 
EXTERNAL 
SYS03 
----- 
CODE 
EXTERNAL 
TI. 
0005H 
NULL 
ABS 
ZERO. 
----- 
REG 
EXTERNAL 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 


SOURCE 
FILE: 
:F2:DSTUSR.A96 
OBJECT 
FILE: 
:F2:DSTUSR.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
GEN 
DEBUG 


LINE 
1 
2 
3 
4~ 
o 
7 
8 
9 
10 
11 
12 
13 
14 
15 
10 
17 
18 
19 
20 
21 
:l:l 
:n 
24 
25 
20 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51• 


0040 
0040 
0040 


0000 


0100 


0100 


-...J 
4200 
I 
(Xl 
.4200 
U1 


20l:l0 


2080 
AIFF0040 
2084 
E040FD 


2087 
A1000000 


208B 
C90001 
208E 
C9FFl:l7 
2091 
C90042 
2094 
C9FF5F 
2097 
C9EF47 
2l:l9AC90010 
209D 
C9FF3F 
20A0 
C9429D 
20A3 
C98C77 
20A6 
C95A5A 


20A9 
EF0000 


20AC 


20AC 
C98080 
20AF 
C90080 
20B2 
EF0000 


SOURCE 
STATEMENT 
;*********************************************************************** 
DSTUSR 
MODULE 
main,stacksize(2) 
;*.*************.*~**************** 
••***.**** •• ***.***.*.********** 
••*** 


oseg 
at 
40h 
User 
Registers: 
DSB 
- 
temp 
set 
lch 
User_Registers:WORD 


;to 
ensure 
that 
the 
STACK 
does 
not 
get 
located 
in 
an 
area 
of 
RAM 
that 
will 
be 
memory 
tested, 
reserve 
those 
regions 
as 
data 
segments. 


temp, t0ffh 
temp, $ 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


push 
push 
call 


U00h 
t7ffh 
t4200h 
t5fffh 
t47efh 
U000h 
Hfffh 
t9d42h 
t178ch 
t5a5ah 
DSTISR 


:RAM 
segmentl 
:RAM 
seamentl 
:RAM 
seqment2 
:RAM 
segment2 
:random 
seed 
:random 
test 
lenath 
:top 
of 
code 
address 
:an 
argument 
for 
mul/div 
test 


:another 
araument 
for 
mul/div 
test 
:bit 
pattern 
for 
memory 
test 
:CALL 
the 
Dynamic 
Stability 
Test 


initialization 
routine 


start 
end 
start 
end 


address 
address 
address 
address 


tS080h 
t8000h 
alu05 


ERR LOC 
OBJECT 
LINE 
SOURCE STATEMENT 
20B5 980001 
E 
52 
cmpb 
eregl+l.zero 
~ t8080h and t8000h in all 
211B8OF022074 
53 
I 
bne 
error_found 
~ combinations 
IJE 
~+4 
ISJMP 
error found 
~ combinations 
54 
20BC C90080 
55 
push 
t8000h 
20BF C981180 
56 
push 
t8080h 
20C2 EF0000 
E 
57 
call 
alu05 
20C5 9811001 
E 
58 
cmpb 
ereql+l.zero 
20C8 OF022064 
59 
1 
bne 
error_found 
IJE 
~+4 
ISJMP 
error 
found 
60 
211CCC90080 
61 
push 
t8000h 
20CF C911080 
62 
push 
t8000h 


2002 EF0000 
E 
63 
call 
alu05 
2005 980001 
E 
64 
cmpb 
eregl+l,zero 
211080756 
65 
bne 
error found 


66 
200A C98080 
67 
push 
t8080h 


2000 C90080 
68 
push 
t8000h 
3: 
20E0 EF0000 
E 
69 
call 
alu05 
C"l 
00 
20E3 980001 
E 
70 
cmpb 
eregl+l.zero 
@ 
20E6 0748 
71 
bne 
error found 
I~ 
72 
- 
'" 
20E8 C9000l 
73 
push 
U00h 
~ perform a aalloping 
lS/0s test 
~ 
20EB C9FF07 
74 
push 
t7ffh 
~ on a small section of RAM 
110 
-...J 


IIQ 
1 
20EE EF00e10 
E 
75 
Call 
mem0a 
•• 
Q 
CO 
20Fl 980001 
E 
76 
cmpb 
eregl+l.zero 
~ 
0) 
20F4 D73A 
77 
bne 
error_found 
;;0 
'" 
78 
t"' 
20F6 C800 
E 
79 
push 
timerl 
~send a timer 1 based 
seed to the 
;: 
20F8 C90020 
80 
push 
t2000h 
~random number based multiply/divide 
.. 
so 
211FBEF0000 
E 
81 
call 
alu04 
~ test and let it run for a string 
....• 
20FE 9811001 
E 
82 
cmpb 
ereal+lh.zero 
~ of 2000h argument pairs 
21111U720 
83 
bne 
error found 
84 


2103 EF0000 
E 
85 
call 
alu0l 
~perform the add/subtract 
test 
2106 980001 
E 
B6 
cmpb 
eregl+lh.zero 
211')90725 
87 
bne 
error found 
88 


2111BC90042 
89 
push 
t4200h 
~ perform a Complementary 
address 
test 
2l0E C9FF5F 
911 
push 
t5fffh 
~ on a large section of RAM 
2111 EF00011 
E 
91 
Call 
Mem06 
2114 980001 
E 
92 
cmpb 
ereal+l,zero 


2ll707l7 
93 
bne 
error found 
94 
. 
2119 EF0000 
E 
95 
call 
alu02 
~ perform 
the MULUR test 
2llC 980001 
E 
96 
cmpb 
eregl+lh.zero 
2llF D70F 
97 
bne 
error found 
98 
2121 C800 
E 
99 
push 
timerl 
send another 
timerl based 
seed to 
2123 C90020 
100 
push 
t2000h 
the random nUMber based multiply/ 
2126 EF0000 
E 
101 
call 
alu04 
divide test 
2129 980001 
E 
192 
cmpb 
ereal+lh.zero 
2l2C 0702 
103 
bne 
error found 
104 


LINE 
HIS 
106 
Hl7 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 


2130 
2130 
FA 
2131 
EF0000 


M 
S-96 
MACRO 
ASSEMBLER 
DSTUSR 


SYMBOL 
TABLE 
LISTING 
-------------------- 


N 
A 
M 
E 
VALUE 


ALU0l 
ALU02 
ALU04 
ALU0S 
DSEGI 
0l00H 
DSEG2 
4200H 
DSTISR. 
DSTUSR. 
EREGI 
ERROR 
FOUND 
2130H 
ERROR-PROC. 
I~AIN TASK 
20ACH 
MEM06 
MEM0A 
SF. 
TE~IP. 
0040H 
TIMERI. 
USER 
REGISTERS. 
0040H 
ZERO-:- 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 


Error 
found: 
di 
CALL 
if 
an 
error 
is 
found. 
disable 
interrupts 
and 
call 
the 
error 
procedure 
in 
the 
DST96.LIB. 
the 
test 
that 
found 
an 
error 
will 
have 
placed 
the 
appropriate 
error 
codes 
in 
locations 
EREGI 
and 
EREG2 
for 
output 
throuqh 
Error_Proc 


CODE 
EXTERNAL 
CODE 
EXTERNAL 
CODE 
EXTERNAL 
CODE 
EXTERNAL 
DATA 
ABS 
BYTE 
DATA 
ABS 
BYTE 
CODE 
EXTERNAL 
MODULE 
MAIN 
STACKSIZE(2) 
REG 
EXTERNAL 
CODE 
ABS 
ENTRY 
CODE 
EXTERNAL 
CODE 
ABS 
ENTRY 
CODE 
EXTERNAL 
CODE 
EXTERNAL 
REG 
EXTERNAL 
OVERLAY 
ABS 
WORD 
REG 
EXTERNAL 
OVERLAY 
ABS 
BYTE 
REG 
EXTERNAL 


O\J~O\Jftr£ICle 
n.eprlnrS 


• 


~ 
Intel's 80960: 
An Architecture Optimized 
for Embedded Control 


I 


ntel'sinternally developed 80960 architecture allows embedded sys- 
tem designers to take advantage of silicon technology advancements 
without architectural limits. The 80960, developed from scratch for 
embedded control applications, eliminates architectural obstacles to state- 
of-the-art implementation techniques that allow parallel and out-of-order 
instruction execution. 


In introducing the 80960 architecture, I distinguish between the architec- 


ture and the microarchitecture of an implementation. A microarchitecture 
is an actual implementation of the architecture's 
instruction set and pro- 


gramming 
resources. 
Different 
microarchitectures 
may have different 


pipeline construction, 
internal bus widths, register set porting, cache pa- 


rameterization (two-way, four-way, and so on), and degrees of parallelism, 
or may not execute instructions out of order. The architecture is specified in 
such a way that wide latitude is available for future microarchitectural ad- 
vancements. In this way both very high performance and highly integrated 
controllers can be built using the 80960 architecture·. 
Principally, the 80960 architecture allows, for at least the next decade, 


silicon technology and microarchitectural 
advances to translate directly 


into increased performance 
without architectural limitations. 
While the 


common performance target of typical RISe architectures is an execution 
speed of one instruction per processor clock cycle, the 80960 architecture 
targets the execution of multiple instructions per clock cycle (fractional 
clock cycles per instruction). By defining an architecture that supports par- 
allel instruction execution and out-of-order instruction execution, we do 
not constrain performance advances to the system clock cycle. 
Additionally, the 80960has been optimized for the wide range of applica- 


tions that are unencumbered by a need to be compatible with an existing 
embedded control architecture. These applications are often very cost sen- 
sitive, require a different mix of instructions than reprogrammable applica- 
tions, have demanding interrupt response requirements, and use real-time 
executives rather than full-blown operating systems. With these factors in 
mind, we developed the 80960 while avoiding architectural constructs that 
would restrict an implementation's 
capability to execute multiple instruc- 


tions in one clock cycle. 


AR-541 


Executing 


instructions in 


one clock cycle is 


not fast enough 


for this standard- 


core architecture. 


Its parallelism 


and out-of-order 


execution promise 


fractional clock 


rates in future 


implementations. 
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The architecture 
also allows application-specific 
extensions such as: 


• instruction 
set extensions (floating-point 
opera- 


tions), 


• special registers, 
• larger caches, 
• multiple caches, 
• on-chip program and data memory, 
• a memory management and protection unit, 
• fault-tolerance support, 
• multiprocessing support, and 
• real-time peripherals (DMA, analog/digital, 
serial 
ports). 


The 80960's instruction set has also been optimized 
for embedded control applications. It offers Boolean 
operations more powerful than those of the 8051 family. 
Single instructions 
access frequently executed func- 
tions for increased code density and performance. 
They include CALL, RET, Compare_and 
_Branch, 
Conditional_Compare, 
Compare_and_Increment 
or Decrement, and Bit Field Extract. 


A priority interrupt structure simplifies the manage- 
ment of real-time events, and, along with a user/super- 
visor model, 
supports 
fast, 
safe, 
real-time 
kernel 
operation. 
A generalized fault-handling 
mechanism 


simplifies 
the task 
of detecting 
errant 
arithmetic 


calculations or other conditions that typically require a 
significant amount of user code runtime support. The 
80960 does not require sophisticated, optimizing high- 


level-language compilers to achieve high performance. 
However, no obstacles to performance enhancements 
via a good optimizing compiler exist. 


Since products based on the 80960 have high perfor- 
mance levels, even without code optimization, 
many 


users will attain their required system performance 
with 80960 products without having to understand the 
parallelism of the implementation they are using. 


The 80960 can best be described as a register-rich, 


load/ store architecture with an instruction set designed 
to let implementations exploit pipelining and parallel 
execution strategies. Direct embedded control support 
includes: 


• an optimized instruction set, 
• a flexible interrupt structure, 
• a user-supervisor model, 
• a powerful fault-handling structure, and 
• multiprocessing hooks and debug support. 


The architecture extends easily. 


Figure I shows a logical block diagram of the ar- 


chitecture's 
programming 
resources. 
The 
32-bit 


memory space is flat. Data moves between memory 
and registers via load and store instructions. Process- 
ing elements surrounding the registers manipulate par- 
allel data; 
they receive their instructions 
from the 


32 special-function 
registers 
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instruction sequencer. 


The instruction 
sequencer reads multiple instruc- 
tions simultaneously 
from an instruction cache and 
presents the instructions in parallel to the processing 
elements as appropriate. 
When the instruction stream 
or an asynchronous event requires a context switch, the 
local variables from the suspended procedure move to 
the register cache. Memory accesses to save previously 
suspended register sets occur only when the register 
cache is filled. The implementation 
determines the 
number of architecturally transparent register sets that 
can be cached. 


We expect different implementations of the process- 
ing elements in an 80960-based controller-optimized 
for specific applications-will 
evolve. We defined a 
standard core architecture to maintain binary-compati- 
ble instruction 
sets across all implementations 
for 
leveraging compiler and real-time kernel development. 
Subsequent references to the 80960, without an alpha 
suffix, refer to the architecture. 
References to an 
80960XY pertain to actual implementations of the core 
architecture, 
which may contain architectural 
exten- 
sions and/or on-chip peripherals. (See the accompany- 
ing box for a discussion of three implementations.) 


Implementations of the 80960 


As an example of an actual implementation of the 
core architecture, 
consider 
the first 80960 im- 
plementation, the 80960KB controller. The KB pro- 
vides architectural extensions such as floating-point 
operations 
(Figure A). Its on-chip floating-point 
unit implements the IEEE floating-point standard, 
including 
transcendental 
support. 
Floating-point 
performance 
exceeds 4 million Whetstone opera- 
tions per second at 20 MHz. The 80960KBintegrates 
a 512-byte instruction cache and an interrupt con- 
troller on chip. 


Bus 
control 
unit 


I 
I 
I 
I 
I 
I 
II. 
_ 


Instruction 
fetch 
unit 


J 
Address 
I 
1 calculation 
I 
I 


Another 
member of the family, the 80960KA 
controller, fits the KB socket but lacks the on-chip 
floating-point 
unit. 
The 80960MC controller, 
a 
military-qualified 
version similar to the KB, adds 
Ada tasking support and a memory management 
and protection unit. 


The 80960KA, KB, and MC microarchitecture 
sustains execution of up to one instruction per clock 
cycle at 20 MHz (20 native MIPS). It performs a 
variety of benchmark programs seven to 10 times 
faster than a VAX 11/780 (7 to 10 VAX MIPS). 
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Register model 


The user directly accesses thirty-two 32-bit general- 
purpose 
registers and 
32 special-function 
registers 
(SFRs). (Refer to Figure I.) Of the 32 general registers, 
16are global registers and 16are local registers. Data in 
the 16 global registers remain visible and unchanged 
when crossing procedure 
boundaries, 
characteristics 
exhibited by "normal" 
registers in other architectures. 
The CALL instruction caches the local registers and 
the RET instruction restores them. The SFRs provide a 
real-time register interface to on-chip peripherals. The 
SFRs, the contents of which are not defined by the ar- 
chitecture, control implementation-specific hardware. 
When a procedure call occurs, data in the local regis- 
ters automatically move to a register cache. Thus, the 
called procedure is not required to explicitly save the 
local registers. When the called procedure executes a 
return instruction, the data in the local registers prior 
to the call are restored. The call/return sequence does 
not affect the global registers, which can be used to 
pass parameters and results between procedures. 


A large, general-purpose register set greatly reduces 
the number of memory requests required to perform a 
task. Various optimization techniques can use large- 
register sets to remove data dependencies that would 
otherwise prohibit parallel instruction execution. For 


example, a hypothetical implementation of the archi- 
tecture could provide parallel execution of two ADD 
instructions. 
Having many general-purpose 
registers 
with which to work simplifies code optimization 
so 
that neither ADD instruction references a source that 
was the destination 
of the other ADD instruction. 
Under such circumstances, two ADD instructions per 
cycle could be sustained. 
Note that such program optimizations are not re- 
quired. 
Any program 
using the architecture's 
core 
instruction set and not referencing the SFR address 
space or external I/O, whether optimized or not, will 
function 
correctly on any implementation 
without 
modification. 
Even if the optimization 
rules are 
radically different between implementations, code that 
is optimized for one implementation will run correctly 
on another implementation 
without modification or 
recompilation. 
The architecture also guarantees that data dependen- 
cies will be correctly handled without programmer in- 
tervention. For example, execution of an arithmetic 
instruction will be delayed if it uses a register that is 
waiting for data to be loaded from memory. However, 
other instructions that do not use the register in question 
could be executed immediately with all data dependen- 
cies automatically maintained. This capability is only 
beneficial when a large register set is present to remove 
avoidable data dependencies. 
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The 80960 instruction 
set is similar in design to 
engines in reduced instruction set computers. Because 
the 80960 was designed to avoid performance bottle- 
necks resulting from instruction decoding times, all op- 
codes are 32 bits (one word) in length and must be 
aligned 
on word boundaries. 
The only two-word 
(64-bit) instruction format loads 32-bit immediate con- 
stants 
and 
assists 
effective 
address 
calculations. 
Generally, load, store, and control instructions access 
memory. All other instructions access only registers. 
Thirty-two-bit opcodes provide tremendous flexibil- 
ity in instruction 
encoding. 
However, performance 
penalties associated with code size can occur when 
often-used 
complex 
instruction 
sequences 
are not 
available in a one-word format. Large code size not 
only increases system cost due to larger memory ·re- 
quirements but also results in penalties in cache utiliza- 
tion and bus-bandwidth requirements. 
The 80960 includes one-word multifunction instruc- 


tions to avoid such code density problems that increase 
memory requirements and to allow complex functions 
to be parallelized. For example, the CALL and RET 
instructions provide one-word encodings for sequences 
that otherwise require several instructions. Implemen- 
tations of the architecture could perform the CALL/ 
RET operations in parallel with other instruction exe- 
cution. Or, the processor could execute from an on- 
chip ROM a similar sequence of simple 80960 instruc-- 
tions that the user would have to write if CALL/RET 
instructions were not in the architecture. Executing the 
code from permanent on-chip storage results in higher 
performance than does requiring the instructions to be 
fetched and cached every time they are used. In addi- 
tion to ensuring higher performance, or possibly paral- 
lel performance, implementations of such functions as 
ROMed assembly code sequences-triggered 
by a one- 
word opcode-are 
more silicon efficient than are in- 
creases of on-chip cache sizes to deal with poor code 
density. For example, a ROM cell is typically one 
fourth the size of a RAM cell. 
The availability of complex instructions in the ar- 
chitecture does not prohibit the programmer from by- 
passing them if simpler functions are desired. For ex- 
ample, a BAL (Branch_and_Link) 
instruction can 
be used to call a procedure that does not require a new 
set of local registers. The BAL instruction saves the 
next instruction pointer in a register and branches to 
the specified destination. When the procedure is ready 
to return, it executes an indirect branch to the return in- 
struction pointer that was saved. It is likely that BAL 
will always be faster than CALL since no local registers 
are being saved. The programmer can use whichever 
method best suits the circumstances. 
Figure 2 shows the 80960 instruction 
encodings. 
Most instructions appear in the REG format, which 
specifies an opcode and three registers/literals (one of 
32 registers, or a constant value in the range 0 to 31). 


The COBR format specifies a set of compare and 
branch instructions. The CRTL format covers branch 
and call instructions. The MEM formats support load 
and store instructions. 
Much of the instruction set is what one would expect 
to encounter in all processors (ADD, MUL, SHIFT, 
BRANCH); 
however, 
some 
instructions 
deserve 
special mention. 
• The register-register 
move instructions 
transfer 
one, two, three, or four register values. The same is 
true for the load and store instructions (for example, 
LDQ loads four words into four registers). 
• In addition to the normal shift instructions, 
the 
SHRDI instruction provides an adjustment to the re- 
sult so the instruction can be used to divide a value by a 
power of two. (Normal right-shift instructions do not 
divide correctly when the value is negative and odd.) 
• All logical operations of two operands are provided 
(AND, NOTAND, ANDNOT, NOR). 
• An extensive set of bit instructions exists (SET 
BIT, CLEAR BIT, NOT BIT, SCAN a register for the 
first 0, or I, BRANCH on bits set or clear), as well as 
instructions 
for 
accessing 
bit 
fields 
(MODIFY, 
EXTRACf). 
• Single-instruction 
COMPARE_AND_ 
BRANCH encodings optimize code density for these 
frequently executed operations. 
• Conditional 
compare (CONCOMP) 
instructions 
speed bounds checking. 
Table I on the next page summarizes the 80960 core ar- 
chitecture instruction set. 


The architecture directly supports integer (signed) 
and ordinal (unsigned) data types. Bits, bit fields, 
bytes, short words, words, and double words can be 
manipulated in registers and transferred to and from 
memory. Triple words and quad words can also move 
between the registers and memory. 


Most 80960 instructions operate on registers. The ar- 
chitecture provides arithmetic, logical, bit and fit field, 
data movement, and comparison operations. To take 
full advantage of the large register set, three-operand 
instructions specify any register as one or both sources 
and/or the destination of an operation. 


Arithmetic and logical. The architecture supports 
both standard 
and extended arithmetic 
operations. 
Add, subtract, 
multiply, and divide operations 
are 
available on 32-bit integers and ordinals. 
Extended 
multiply operates on two 32-bit ordinals and generates 
a 64-bit result. Extended divide divides a 64-bit ordinal 
by a 32-bit ordinal, producing a 32-bit quotient and 
32-bit remainder. Addition and subtraction with carry 
allow 32-bit ordinals to provide extended precision 
adds and subtracts. 


Table 1. 


80960 instruction 
summary. 


REGISTER 
OPERATIONS 


ARITHMETICS 
a~i1o] 
Add 
addc 
Add with Carry 
sub[ i I 0 ] 
Subtract 
subc 
Subtract with Borrow 
mul[ i I0) 
Multiply 
emul 
Extended 
Multiply 
div{ i I 0 ) 
Divide 
ediv 
Extended 
Divide 
rem[ II 0 ] 
Remainder 
modi 
Modulo Integer 
sh[ 10I ro Ii I ri Id I Shift 


MOVEMENT 
mov[ II t Iq I 
Move registers to registers 
Ida 
Load Address 


COMPARISON 
cmp[ iI 0I 
Compare 
cmpdec{ i I0 I 
Compare and Dea-ement 
cmplnc( i I 0 ] 
Compare and Increment 
concmp [ i I 0 ) 
Conditional 
Compare 
test ['] 
Test for condition 
scan byte 
scan for matching byte 


LOGICAL 
and 
and not 
notand 
nand 
or 
nor 
ornot 
notor 
xnor 
xor 
not 
rotate 


dst := srcl 
& src2 


':1st:= src2 & (-srcl) 
dst := (-src2) 
& srcl 
dst := -(src2 & src 1) 
dst := srcl Isrc2 
dst := -(src2 Isrcl) 
dst:= src21 (-srcl) 
dst:= (-src2) I srcl 
dst:= (src21 srcl) & -(src2 & srcl) 
dst := -(src21 srcl) I (src2 & srcl) 
dst:= -src 
Rotate Bits 


BIT AND BIT FIELD 
setbit 
Set a Bit 
clrbit 
Clear a Bit 
not bit 
Toggle (invert) a Bit 
chkbit 
Check a Bit and set condition code 
alterbit 
Change a Bit accorcing to an operand 
scanbit 
Search src for most significant set bit 
spanbit 
Search src for most significant cleared bit 
extract 
Extract specillecl bit pattem from a word 
modify 
Modify selected bits in dst with src 


CONTROL 


BRANCH 
b 
bx 
bal[x) 
b[') 
cmpib['] 
cmpob['] 


FAULT 


fault[') 
syncf 


Branch (± 2 MByte relative offset) 
Branch Extended (32-Bltlndirect 
Branch) 
Branch and Unk ('RISC Branch') 
Branch on Condition 
Compare Integer and 'Branch on Condition 
Compare Orclnal and Branch on Condition 


Fau~ on Condition 
Synchronize 
Faults 


PROCEDURE 
caI 
Procedure Call (± 2 MByte relative offset) 
cab 
Call Extended (32-Bit Inclrect Call) 
calls 
System Procedure Call 
ret 
Return 


ENVIRONMENT 
modpc 
Modify Process Controls 
modac 
Modify Arithmetic Controls 
modtc 
Modify Trace Controls 
f1ushregs 
Flush Local Register Cache to Memory 


DEBUG 
mark 
fmark 
Concitionally 
generate Trace Fault 
Unconditionally 
generate Trace Fault 


MEMORY 
OPERATIONS 


LOAD/STORE 


Id[blsilltlq) 
Load 
&l[bl 
s Ilitl 
q) 
Store 


READIMODIFYtWRl1TE 
atadd 
Atomic Add (Locked RMW Cycles) 
atrnod 
Atomic Modify (Locked RMW Cycles) 


I = integer, 0 = ordinal, b = byte, s = short, w = word (32-bits), I = long, t = triple, q = quad, 
10= left ordinal, Ii = left integer, ro = right Ordinal, ri = right Integer, cI = right dividing Integer 
dst = destination, 
src = source, x = extended, 
• = Concitions: If [equal I not equal Iless Iless or equal I greater Igreater or equal Iordered Iunordered ) 


inter 


Arithmetic shift operations support 32-bit ordinals. 
Logical shift instructions operate on 32-bit integers, 
and a 32-bit register value can also be rotated. In addi- 
tion, all possible two-operand, bitwise Boolean opera- 
tions exist: AND, NOTAND, ANDNOT, XOR, OR 
NOR, XNOR, NOT, NOTOR, ORNOT, and NAND. 


Bit and bit field. Bit operations allow bits in the reg- 
isters to be set, cleared, toggled, and moved to or from 
the condition codes. SCAN and SPAN operations pro- 
vide ways to find the most significant set or cleared bit 
in a register. 


The 80960 contains two bit field instructions, EX- 
TRACT and MODIFY. The EXTRACT instruction 
shifts a bit field in a register to the right and fills in the 
bits to the left of the bit field with zeros. The MODIFY 
instruction moves a specified bit field from one register 
to another when no adjustment change in bit position is 
required. 


Data movement. A set of data movement (MOY) in- 
structions allows register values to be copied to other 
registers. The MOY instructions can move from one to 
four registers at once. The load and store operations 
described later move data to and from memory. 


Comparison. 
These instructions compare operands 
and set the resulting condition codes in the arithmetic 
controls 
register (Figure 3). The 80960's condition 
codes listed in Table 2 provide the arithmetic flag func- 
tion of other architectures, in a way that allows max- 
imum parallel execution. 
In general, only compare instructions set the 80960's 
condition codes and conditional instructions use them. 
To perform an ADD followed by a conditional branch 
when the result is zero, a Compare_and_Branch 
in- 
struction must be executed after the ADD because 
arithmetic 
instructions 
do not alter the condition 
codes. 


Table 2. 
Condition code encodings. 


Conditioncode 
Condition 


000 
Unordered• 
001 
GreaterThan 
010 
Equal(True) 
011 
GreaterThanor Equal 
100 
LessThan 
101 
NotE~ 
(False) 
110 
Less 
nor EqUal 
111 
Ordered 
--- 
• Usedwithfloating-pointdatatypes. 


Although not generally noticed in a sequential exe- 
cution environment, a parallel environment mandates 
the decoupling of the condition 
codes from the in- 
struction set. The 80960 allows multiple instructions 
to execute simultaneously, 
thus giving ambiguous 
meaning to a set of condition codes that are altered by 
multiple 
arithmetic 
instructions 
in the same clock 
cycle. The 80960 approach separates condition check- 
ing and decision making from all other instructions to 
provide flexibility in reordering instructions for paral- 
lel execution. 
The 80960 compare 
instructions 
compare 
both 
integers and ordinals. 
A subset of the compare in- 
structions increments or decrements an operand after 
the comparison. 


The load/store nature of the architecture decouples 
memory references from instruction execution. Regis- 
ter set and memory instructions can be executed simul- 
taneously. Since the load data may take some time to 
• 


inter 


arrive at the CPU, the load requests can be advanced in 
the instruction stream to overlap memory access time 
with other data-independent 
CPU operations. 


Load/store. 
The load and store instructions copy 


bytes, short words, words, or multiple words to or 
from memory and registers. When a load integer is 
specified for an 8-bit or 16-bit quantity, the CPU ex- 
tends the data's sign to fill 32 bits before writing the 
destination register. When a load ordinal is specified 
for an 8-bit or 16-bit quantity, the CPU attaches lead- 
ing zeros to the data to fill 32 bits before writing the 
destination register. The store instructions allow the 
destination data width to be a byte, short word, word, 
or multiple words. When a store byte, or short word is 
performed, 
the CPU automatically 
formats the data 
being written according to the data type (integer or 
ordinal). 


Addressing modes. The architecture supports II ad- 
dressing modes for memory operations, as summarized 
in Table 3. The addressing modes selected for support 
provide 
a broad 
range of most-often-used 
simple 
modes. We chose a rich set of addressing modes to 
allow optimization for code density as well as speed. 


Literals are immediate 5-bit numbers that can range 
from 0 to 31. Literals may be used as operands in any 
register operation. 


The Register address mode is used when an operand 


specifies a register number (gO,r5). 


The Absolute Offset address mode specifies the ab- 


solute address of the target as an offset from the cur- 
rent instruction pointer. The offset is encoded in the 
memory instruction opcode. If the offset is outside the 
range of 0 to 2048, the assembler generates a two-word 


instruction 
in which the second word is a 32-bit 


displacement. 


Register Indirect addressing allows the address of the 


target to be specified by the contents of a register. An 
immediate offset or displacement can be added to the 
register to form the effective address. An index (scaled 
by 2, 4, 8, or 16) may also be added. 


Memory operations can also specify target addresses 


relative to the instruction pointer, a capability useful in 
creating relocatable data and code. 


Atomic memory operations. 
Two atomic memory 


operations support multiprocessing environments with 
more than one processor accessing the same memory, 
atomic add (ATADD) and atomic modify (ATMOD). 
The ATADD instruction causes an operand to be add- 
ed to the value in the specified memory location. The 
ATMOD causes bits in the specified memory location 
to be modified under control of a mask. These instruc- 
tions perform their memory-to-memory, read-modify- 
write operations 
with a locked bus to prevent data 


corruption. 


Control operations 
include those instructions that 


could result in the redirection of program flow. CALL, 
RET, 
BRANCH, 
and 
COMPARE_AND_ 
BRANCH instructions fall into this category. 


Procedure calls. The CALL instruction causes the 


local registers to be preserved and redirects program 
flow to a point indicated by an offset encoded in the in- 
struction. The Call Extended (CALLX) instruction dif- 


Table 3. Addressing modes. 


Mode 
Description 
Assembler 
Example 


Literal 
value 
Ox12 
Register 
register 
16 
Absolute offset 
offset 
Label + 3 
Register Indirect 
abase 
(16) 


Register Indirect 
abase + offset 
Label + 3 (16) 
with offset 


Register Indirect 
abase + (index' 
scale) 
(16) [r7' 
4) 
with index 


Register Indirect 
abase + (index' 
scale) 
with Index and 
Label + 3 (16) [r7 • 4] 
displacement 
+ displacement 


Index with 
(indeX • scale) + displacement 
displacement 
Label [16 • 4] 


IPwith 
IP + displacement 
+ 8 
Label (IP) 
displacement 


inter 


Active local register set 


rO 
rl 


Stack frame reserved 
forthe 
active procedure 


fers in that it allows a 32-bit value to provide the CALL 
destination. The destination can either be encoded in 
the instruction or specified by a register value (for ex- 
ample, indirect call). The Call System (CALLS) in- 
struction gets its target address from a table of system 
procedure addresses explained later. The Return (RET) 
instruction returns control to the calling procedure and 
restores the local registers of the calling procedure. 
The semantics of the CALL/RET 
allow an optimi- 


zation known as register caching. A register cache 
keeps the context (local registers) of the most recently 
executing subroutines on chip so that CALL/RET 
in- 


structions do not have to access memory to save or 
restore the local registers. 
When a CALL instruction executes, the 80960 allo- 


cates a new set of 16local registers from a pool of regis- 
ter sets for the called procedure. If the pool is depleted, 
a new register set is allocated by taking one associated 
with an earlier procedure and saving it in memory. A 
RET instruction causes the most recently cached local 
register set to be restored, 
freeing a register cache 


location. 


The register cache contributes 
to performance 
in 


four ways: 


• It significantly reduces the saving and restoring of 


registers that are usually performed 
when crossing 


subroutine boundaries. 


• Since the local register sets are mapped into the 


stack frames, the linkage information 
that normally 


appears in stack frames (pointer to previous frame, 
saved instruction pointer) is contained in the local reg- 


isters. 
Most 
call and 
return 
instructions 
execute 


without causing any references to off-chip memory. 
• It allows compilers to map most or all of a pro- 


cedure's local variables directly into registers. 
• It provides a large number of registers (16 local 
and 16 global), which can be exploited by optimizing 
compilers. 


The procedure stack (see Figure 4) reserves space for 


the cached registers of suspended procedures. When a 
register set must be flushed from the register cache to 
memory, it moves to the reserved stack frame space. 


When a new procedure is entered, the 80960 allo- 
cates space for the procedure's register set as the only 
contents of its stack frame, although no memory ac- 
cesses will occur unless the register cache is full. If the 
procedure desires more space on the stack for autovari- 
abies or parameter passing, it adjusts the stack pointer 
to reserve as much space as it needs. The procedure can 
then access this space using stack pointer relative ad- 
dressing so long as the procedure is active. When the 
procedure returns, its stack is automatically reclaimed. 


Branch_and_Link 
(BAL) performs a procedure 
call without saving the local registers. The 80960 saves 
the return instruction pointer in a global register and 
redirects program flow. To return from a routine that 
is invoked by a BAL, a BX (Branch Extended) is per- 
formed. BAL allows fast subroutine calls to leaf pro- 
cedures without allocating (and possibly displacing) a 
new register set. Since a leaf procedure calls no other 
procedure, its registers can be allocated out of those 
remaining in the current set. 
• 


Branching. Advanced architectures have yet to deal 
cleanly with the dreaded branch, although some ex- 
isting 
methods 
try and 
minimize 
the instruction 
pipeline breaks caused by branches and conditional 
branches. One method used by other architectures is a 
delayed branch. This method requires that a valid in- 
struction always be placed after every branch. 
The 
delayed branch mechanism exposes the pipeline to the 
programmer 
and makes it easy to write code that 
"breaks." 
Compilers also have a difficult time finding 
useful instructions to always fill the blank pipeline slots 
following a branch and insert NOPs about 30 percent 
of the time. Furthermore, 
in architectures 
with a 
delayed branch mechanism, microarchitectures will be 
constrained in their enhancement choices. 
The 80960 alternative to a delayed branch hides the 
pipeline and microarchitecture 
implementation 
from 
the programmer and allows transparent 
performance 
enhancements. 
For example, an 80960 microarchitec- 
ture that detects branches ahead of the executing code 
could fetch the branch destination to keep the pipeline 
full. In essence, "branch lookahead" 
allows branches 
to be executed in zero clock cycles. 
Branches can be unconditional or conditional. The 
Branch and Branch Extended instructions perform un- 
conditional redirection of program flow without link- 
age. Branch and Branch Extended differ in the width 
of the target address offset provided. The Branch in- 
struction includes an encoded offset in the one-word 
instruction (MEMA format), whereas Branch Extended 
branches to the location pointed to by a register or an 
encoded 32-bit displacement (MEMB format). 
The conditional branches use the condition codes in 
the arithmetic controls register to determine whether or 
not to take the branch. The 80960 provides all combi- 
nations of branch conditions. 
Branch lookahead 
works well with unconditional 
branches but would be of marginal benefit on condi- 
tional branches since the branch target, or the instruc- 
tion after the branch, cannot be executed until after 
evaluation of the branch condition. 
Pipeline breaks 
would, 
therefore, 
be inevitable even if the micro- 
architecture implemented some sort of hardware predic- 
tion mechanism. To reduce the effect of the conditional 
branch on performance, the 80960 defines two types of 
conditional branches, those that are usually taken and 
those that aren't usually taken. The implementation can 
then guess which way the branch is going to go, based 
upon an excellent resource capable of prediction-the 
programmer. Only in the case of a programmer's wrong 
prediction would a pipeline stall occur. Furthermore, 
compilers will take advantage of branch prediction 
when they detect loops. 
It is either obvious, or uncertain, at the time the pro- 
gram is written which way the branches will branch 
most often during execution. If the likely branch out- 
come is obvious, the type of branch to use will be 
obvious. In the cases where runtime factors determine 


the branch path, the branch types can be selected to 
reduce the time through the longest path or to reduce 
the average path time. 


Compare and branch. The compare and branch in- 


structions support 
integers and ordinals. 
The CPU 
compares 
two operands; 
the result determines 
the 
branch taken. This frequently used operation is one in- 
struction 
that increases performance 
and improves 
code density. The 80960 provides all combinations of 
branch conditions, 
in addition to branch-on-bit 
in- 
structions. 


As processors increase in speed, the traffic between 
processor and memory becomes a significant perfor- 
mance bottleneck. To effectively reduce this bottle- 
neck, we incorporated an instruction cache within the 
processor. 


An on-chip instruction cache is highly desirable for 
two reasons. 
Caching instructions 
on chip greatly 
reduces system bus loading and the criticality of the 
system's memory access speed in a parallel execution 
environment. However, an instruction cache plays an 
additional role. The only way to cause multiple instruc- 
tions to execute simultaneously is to decode multiple 
instructions 
simultaneously. 
An on-chip instruction 
cache gives instruction decode the capability of looking 
downstream and decoding and dispatching multiple in- 
structions simultaneously for parallel execution. 
The advantage of an instruction cache over a pre- 
fetch queue, a technique used in most high-perfor- 
mance microprocessors to date, is that a queue does 
not reduce the memory traffic for instructions. It only 
attempts to distribute the traffic more efficiently. A 
cache's 
most obvious effect occurs with execution 
loops, common 
in embedded 
control 
applications. 


After a loop is first executed, successive iterations of 
the loop generate no memory references for instruction 
fetches. Likewise, when a small, low-level procedure 
concludes and executes a RET instruction, the code for 
the high-level routine to which it is returning likely still 
resides in the cache. Thus, we reduce the sensitivity of 
instruction execution speed to slow memory and free 
valuable bus bandwidth for other operations. 
Having an instruction cache requires special consid- 
erations in applications 
that employ self-modifying 
code or upload able programs. In general, embedded 
applications are unaffected. However, for 80960 chips 
targeted at embedded applications 
in which volatile 
code exists, we will provide implementation-specific 
cache features. For example, implementations 
could 
provide a bus input pin that prohibits the data being 
read from being cached, a method for flushing the 
cache, a transparent instruction cache, a cache disable 
bit, or some other fea'ture tuned to the application. 


To allow implementations 
of the 80960 latitude in 


the amount and type of cache provided, the architecture 
does not specify the instruction cache parameterization. 


User-supervisor protection 


The architecture provides a mode and stack switch- 


ing mechanism called the user-supervisor protection 
model. This protection model allows a system design in 
which the kernel code and data reside in the same ad- 
dress space as the user code and data. However, the 
access to the kernel procedures (called supervisor pro- 
cedures) occurs through a specified interface. A data 
structure called the System Procedure Table provides 
this interface (Figure 5). 
The 80960 references the System Procedure Table 


when a System Call (CALLS) instruction 
executes. 


This call is similar to a local call, except that the pro- 
cessor gets the location of the called procedure from 
the System Procedure Table. Figure 6 illustrates the use 
of the CALLS instruction. CALLS requires a proce- 
dure-number operand that is used as an index into the 
table. 
The System Procedure 
Table entry referenced by 


CALLS specifies an entry pointer and an entry type for 
the called procedure. The 80960 invokes two types of 
system procedures, local and supervisor. A procedure 
that is specified as a local procedure is invoked as if it 
were called by the CALL or CALLX instructions, ex- 
cept that the processor gets the entry point of the called 
procedure from the System Procedure Table. Refer- 
encing a supervisor procedure, 
on the other hand, 


switches the processor 
to the supervisor execution 


mode and to the supervisor stack. 
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Figure 5. Structure 
of the System Procedure Table (a) and a pro- 


cedure enby (bl. 


Real-time kernel procedures in the supervisor mode 


execute using a different stack than the one used to 
execute application 
programs 
procedures. 
Special, 


supervisor-only instructions also execute in supervisor 
mode. The MODPC instruction (used to change the 
processor priority) is always a supervisor instruction. 
Instruction set extensions that control on-chip hard- 
ware are also likely to be restricted to the supervisor 
mode. 


The System Procedure Table entry 
contains the instruction pointer to the 
called procedure. 
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The calling procedure issues 
a system call instruction (CAllS), 
which contains an index that selects 
a System Procedure Table entry. 
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The processor remains in the supervisor mode until 
the procedure that caused the original mode switch per- 
forms a return. Switching stacks and protecting against 
stack corruption 
help maintain the integrity of the 
kernel. For example, the mechanism allows access to 
system debugging software or a system monitor even if 
the application crashes. 


The 80960 contains a priority interrupt model and a 
mechanism for queueing pending interrupt 
requests 
without user program intervention. When an interrupt 
is signaled and its priority is higher than the current 
processor 
priority, 
the CPU 
invokes an interrupt 
handler and the processor priority changes to that of 
the interrupt. Otherwise, the 80960 saves the interrupt 
for service until it becomes the highest priority request 
pending. 
The interrupt table seen in Figure 7 holds the 32-bit 
pending priorities field, the 256-bit pending interrupt 
field, and the 248 interrupt vectors. Within each pro- 
cessor priority the 80960 contains eight vectors, eight 
associated pending interrupt 
bits, and one pending 
priority bit. The pending priorities field indicates the 
priorities at which pending interrupts await. The pen- 
ding interrupt field indicates exactly which requested 
interrupts have not yet been serviced. 
A pending priority bit is simply the OR of all eight 
pending interrupt bits at a particular priority. This field 
optimizes checking for pending interrupts by the pro- 
cessor. When an interrupt request will not be serviced 


immediately, the 80960 sets the bit in the pending inter- 
rupt field associated with the request. It also sets the 
pending priorities bit associated with the priority of the 
request. When the running priority of the processor 
drops below that of the pending interrupt, the 80960 
services the interrupt and clears the associated pending 
bit~The CPU also clears the associated pending priori- 
ty bit if appropriate. 


Processors use fault mechanisms to handle excep- 
tions or errant conditions that a program mayor may 
not be capable of correcting. We defined the 80960's 
fault mechanism for an environment in which parallel 
or out-of-order 
execution occurs. When a fault is 
generated, 
the processor calls the appropriate 
fault 
handler. The 80960 automatically provides the handler 
with an extensive set of information about the faulting 
condition for correction or analysis. 


It is possible that when a fault is detected not enough 
information would exist to determine the exact instruc- 
tion that faulted. For example, when multiple instruc- 
tions execute in one clock cycle, multiple faults could 
occur in a single clock cycle.This' 'imprecise" condition 
could generate a fault that we call imprecise. A tightly 
coupled fault handler may be able to recover proper 
program execution when an imprecise fault occurs. 
Precise faults are those from which recovery is easy. 


The 80960 provides two controls over the generation 
of imprecise conditions and faults. The first fault con- 
trol method, a global control bit, puts the processor in 
a mode where no imprecise conditions are created (No 
Imprecise Faults, or NIF mode). In this mode, the 
80960 restricts parallel execution. All faults are precise. 
The NIF bit can be used to create a critical region in 
which all faults are precise. The second fault control 
mechanism is the Synchronize_Faults 
(SYNCF) in- 
struction. 
This instruction 
halts execution until all 
pending operations complete, and all faults up to that 
point have been signaled. It is useful on Ada block 
boundaries where different blocks can have different 
fault handlers. 
An 80960 implementation detects various conditions 
in code or in its internal state (called fault conditions) 
that could cause the processor to deliver incorrect or in- 
appropriate 
results, or that could cause it to take an 
undesirable control path. For example, the 80960 can 
recognize (if enabled by the user) divide-by-zero and 
overflow conditions on integer calculations as a fault. 
The architecture also recognizes inappropriate operand 
values and attempts 
to execute unimplemented 
op- 
codes, among other conditions, as faults. 
When a fault is detected, the system processes it im- 
mediately and independently of the program or han- 
dler that is executing at the time. The fault mechanism 
is similar to that used by the interrupts. Several fault 


intel 


types exist, in which the fault type determines which 
entry in the Fault Table (Figure 8) is invoked for a par- 
ticular fault. The Fault Table contains one entry for 
each fault type. The entry defines a particular fault 
handler routine as a local procedure or a system pro- 
cedure. When the fault handler is a local procedure, the 
Fault Table entry contains the address of the procedure 
entry point. When the fault handler is a system pro- 
cedure, the Fault Table entry contains the system pro- 
cedure number, which selects the correct entry point 
from the System Procedure Table described earlier. 
Figure 9 describes the fault record, which is the in- 
formation provided to a fault handler when a fault oc- 
curs. Table 4 on page 76 summarizes the fault types 
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and subtypes that are currently defined in the 80960 ar- 
chitecture. As extensions to the architecture that con- 
sume additional fault types become available, the en- 
coding of fault types and subtypes will occur in such a 
way that every implementation capable of recognizing 
similar faulting conditions encodes them identically. 
For example, the 80960KB adds the floating-point 
faults (fault type 4). Any other 80960 implementations 
that also recognize floating-point 
faults also encode 
them as fault type 4. 


Another objective of the architecture is to support 
software debugging and tracing. A trace-controls regis- 
ter enables most of this support_ The trace controls 
detect any combination of the following'events: 


• Instruction execution (single step), 
• Execution of a Taken Branch instruction, 
• Execution of a Call instruction, 
• Execution of a Return instruction, 
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Table 4. Fault types and subtypes. 
. 


Fault type 
Fault Subtypes 
Comments 


Arithmetic 
Overflow, 
underflow 
Integer overflows/ 
divide by zero 
Constraint 
Range 
If FAULT 
IF taken 
Protection 
Length 
Procedure 
# in CALLS out of range 
Machine 
Bad access 
Memory 
access failed to complete 
Type 
Mismatch 
Tried to execute 
supervisor 
instruction 
in nonsupervisor 
mode 
Operation 
Invalid opcode, 
Tried to execute 
invalid opcode, 
or 
Invalid 
operand 
an operand in a valid opcode 
was invalid 
Trace 
Instruction, 
branch, 
call, retum, 
Trace event occurred 
prereturn, 
supervisor, 
breakpoint 


• Detection that the next instruction 
is a Return 
instruction, 
• Execution of a supervisor or system call, and 
• Breakpoint (hardware breakpoint or execution of 
a breakpoint instruction). 
When a trace 
event is detected, 
the processor 
generates a trace fault to give control to a software 
debugger or monitor. Since all 80960 implementations 
are likely to have an on-chip cache, external hardware 
cannot trace the flow of instruction execution by moni- 
toring the external bus. Therefore, to trace instruction 
execution, a debugger could enable the BRANCH, 
CALL, 
and 
RET trace faults and reconstruct 
the 
instruction-by-instruction 
flow of a program. 
This 
method, however, will not provide transparent, or real- 
time tracing. When noninv\tSiveemulation is desirable, 
the user should employ an in-circuit emulator. 


T 


he 80960, an extensible embedded control ar- 
chitecture, 
maximizes computational 
and data 
processing speed through parallel execution. The 
first implementation 
of the architecture 
(80960KB) 
achieves single-clock execution of instructions, while 
fractional clock instruction rates are architecturally un- 
hindered and willbe available in future implementations. 


Too many people contributed to the 80960 effort to 
list them here. However, I relied upon the following, 
either in person or through their writings, in developing 
this article: Dave Budde, Glen Hinton, 
Mike Imel, 
Konrad Lai, Glenford J. Myers, Lew Pacely, Fred 
Pollack, Rob Riches, Frank Smith, and Randy Steck. 
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Digital circuits are often thought of as being immune to 
noise problems, but really they're not. Noises in digital 
systems produce software upsets: program jumps to ap- 
parently random locations in memory. Noise-induced 
glitches in the signal lines can cause such problems, but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, those involving electrostatic 
discharges, or as found in automotive environments, 
can do permanent damage to the hardware. Electrostat- 
ic discharges can blow a crater in the silicon. In the 
automotive 
environment, 
in ordinary 
operation, 
the 


"12V" power line can shown + and -400V transients. 


This Application Note describes some electrical noises 
and noise environments. Design considerations, along 
the lines of PCB layout, power supply distribution and 
decoupling, and shielding and grounding techniques, 
that may help minimize noise susceptibility are re- 
viewed. Special attention is given to the automotive and 
ESD environments. 


Noise problems are not usually encountered during the 
development phase of a microcontroller system. This is 
because benches rarely simulate the system's intended 
environment. Noise problems tend not to show up until 
the system is installed and operating in its intended en- 
vironment. Then, after a few minutes or hours of nor- 
mal operation the system finds itself someplace out in 
left field. Inputs are ignored and outputs are gibberish. 
The system may respond to a reset, or it may have to be 
turned off physically and then back on again, at which 
point it commences operating as though nothing had 
happened. There may be an obvious cause, such as an 
electrostatic discharge from somebody's finger to a key- 
board or the upset occurs every time a copier machine 
is turned on or off. Or there may be no obvious cause, 
and nothing the operator can do will make the upset 
repeat itself. But a few minutes, or a few hours, or a few 
days later it happens again. 


One symptom of electrical noise problems is random- 
ness, both in the occurrence of the problem and in what 
the system does in its failure. All operational upsets 
that occur at seemingly random intervals are not neces- 
sarily caused by noise in the system. Marginal VCC, 
inadequate 
decoupling, 
rarely 
encountered 
software 


conditions, or timing coincidences can produce upsets 
that seem to occur randomly. On the other hand, some 
noise sources can produce upsets downright periodical- 
ly. Nevertheless, the more difficult it is to characterize 
an upset as to cause and effect, the more likely it is to 
be a noise problem. 


The name given to electrical noises other than those 
that are inherent in the circuit components (such as 
thermal noise) is EMI: electromagnetic 
interference. 


Motors, power switches, fluorescent lights, electrostatic 
discharges, etc., are sources of EMI. There is a veritable 
alphabet soup of EMI types, and these are briefly de- 
scribed below. 


Anything that switches heavy current loads onto or off 
of AC or DC power lines will cause large transients in 
these power lines. Switching an electric typewriter on 
or off, for example, can put a lOOOVspike onto the AC 
power lines. 


The basic mechanism behind supply line transients is 
shown in Figure 1. The battery represents any power 
source, AC or DC. The coils represent the line induc- 
tance between the power source and the switchable 
loads Rl and R2. If both loads are drawing current, the 
line current flowing through the line inductance estab- 
lishes a magnetic field of some value. Then, when one 
of the loads is switched off, the field due to that compo- 
nent of the line current collapses, generating transient 
voltages, v = L(di/dt), which try to maintain the cur- 
rent at its original level. That's called an "inductive 
kick." Because of contact bounce, transients are gener- 
ated whether the switch is being opened or closed, but 
they're worse when the switch is being opened. 


An inductive kick of one type or another is involved in 
most line transients, including those found in the auto- 
motive environment. Other mechanisms for line tran- 
sients exist, involving noise pickup on the lines. The 
noise voltages are then conducted to a susceptible cir- 
cuit right along with the power. 


Anything that produces arcs or sparks will radiate elec- 
tromagnetic pulses (EMP) or radio-frequency interfer- 
ence (RFI). 
• 


inter 


Spark discharges have probably caused more software 
upsets in digital equipment than any other single noise 
source. The upsetting mechanism is the EMP produced 
by the spark. The EMP induces transients in the cir- 
cuit, which are what actually cause the upset. 


Arcs and sparks occur in automotive ignition systems, 
electric motors, switches, static discharges, etc. Electric 
motors that have commutator bars produce an arc as 
the brushes pass from one bar to the next. DC motors 
and the "universal" (ACIDC) motors that are used to 
power hand tools are the kinds that have commutator 
bars. In switches, the same inductive kick that puts 
transients on the supply lines will cause an opening or 
closing. switch to throw a spark. 


Electrostatic discharge (ESD) is the spark that occurs 
when a person picks up a static charge from walking 
across a carpet, and then discharges it into a keyboard, 
or whatever else can be touched. Walking across a car- 
pet in a dry climate, a person can accumulate a static 
voltage of 35kV. The current pulse from an electrostat- 
ic discharge has an extremely fast risetime - 
typically, 
4A/ns. Figure 2 shows ESD waveforms that have been 
observed by some investigators of ESD phenomena. 


It is enlightening to calculate the L(di/dt) 
voltage re- 
quired to drive an ESD current pulse through a couple 
of inches of straight wire. Two inches of straight wire 
has about 50 nH of inductance. That's not very much, 
but using 50 nH for L and 4A1ns for di/dt 
gives an 
L(di/dt) 
drop of about 200V. Recent observations by 
W.M. King suggest even faster risetimes (Figure 2b) 
and the occurrence of multiple discharges during a sin- 
gle discharge event. 


Obviously, ESD-sensitivity needs to be considered in 
the design of equipment that is going to be subjected to 
it, such as office equipment. 


Currents in ground lines are another source of noise. 
These can be 60 Hz currents from the power lines, or 
RF hash, or crosstalk from other signals that are shar- 
ing this particular wire as a signal return line. Noise in 
the ground lines is often referred to as a "ground loop" 
problem. The basic concept of the ground 
loop is 
shown 
in 
Figure 
3. 
The 
problem 
is 
that 
true 
earth-ground is not really at the same potential in all 
locations. If the two ends of a wire are earth-grounded 
at different locations, the voltage difference between the 
two "ground" points can drive significant currents (sev- 
eral amperes) through the wire. Consider the wire to be 
part of a loop which contains, in addition to the wire, a 
voltage source that represents the difference in poten- 
tial between the two ground points, and you have 


the classical "ground loop." By extension, the term is 
used to refer to any unwanted (and often unexpected) 
currents in a ground line. 


Radiated noise is noise that arrives at the victim circuit 
in the form of electromagnetic radiation, such as EMP 
and RFI. It causes trouble by inducing extraneous volt- 
ages in the circuit. Conducted noise is noise that arrives 
at the victim circuit already in the form of an extrane- 
ous voltage, typically via the AC or DC power lines. 


One defends against radiated noise by care in designing 
layouts and the use of effective shielding techniques. 
One defends against conducted noise with filters and 
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Figure 2. Waveforms 
of Electrostatic 
Discharge 
Currents 
From a 
Hand-Held 
Metallic Object 


suppressors, 
although 
layouts 
and 
grounding 
tech- 


niques are important here, too. 


Addressing noise problems after the design of a system 
has been completed is an expensive proposition. The ill 
will generated by failures in the field is not cheap either. 
It's cheaper in the long run to invest a little time and 
money in learning about noise and noise simulation 
equipment, so that controlled tests can be made on the 
bench as the design is developing. 


Simulating the intended noise environment is a two- 
step process: First you have to recognize what the noise 
environment is, that is, you have to know what kinds of 
electrical noises are present, and which of them are go- 
ing to cause trouble. Don't ignore this first step, be- 
cause it's important. If you invest in an induction coil 
spark generator just because your application is auto- 
motive, you'll be straining at the gnat and swallowing 
the camel. Spark plug noise is the least of your worries 
in that environment. 


The second step is to generate the electrical noise in a 
controlled manner. This is usually more difficult than 
first imagined; one first imagines the simulation in 
terms of a waveform generator and a few spare parts, 
and then finds that a wideband power amplifier with a 
200V dynamic range is also required. A good source of 
information 
on who supplies what noise-simulating 


equipment is the 1981 "ITEM" 
Directory and Design 


Guide (Reference 6). 


Types of Failures and Failure 
Mechanisms 


A major problem that EMI can cause in digital systems 
is intermittent operational malfunction. These software 
upsets occur when the system is in operation at the time 
an EMI source is activated, and are usually character- 
ized by a loss of information or a jump in the execution 


of the program to some random location in memory. 
The person who has to iron out such problems is tempt- 
ed to say the program counter went crazy. There is 
usually no damage to the hardware, and normal opera- 
tion can resume as soon as the EMI has passed or the 
source is de-activated. Resuming normal operation usu- 
ally requires manual or automatic reset, and possibly 
re-entering of lost information. 


Electrostatic discharges from operating personnel can 
cause not only software upsets, but also permanent 
("hard") damage to the system. For this to happen the 
system doesn't even have to be in operation. Sometimes 
the permanent damage is latent, meaning the initial 
damage may be marginal and require further aggrava- 
tion through operating stress and time before perma- 
nent failure takes place. Sometimes too the damage is 
hidden. 


One ESD-related failure mechanism that has been iden- 
tified has to do with the bias voltage on the substrate of 
the chip. On some CPU chips the substrate is held at 
-2.5V by a phase-shift oscillator working into a capac- 
itor/diode 
clamping circuit. This is called a "charge 


pump" in chip-design circles. If the substrate wanders 
too far in either direction, program read errors are not- 
ed. Some designs have been known to allow electrostat- 
ic discharge currents to flow directly into port pins of 
an 8048. The resulting damage to the oxide causes an 
increase in leakage current, 
which loads down the 


charge pump, reducing the substrate voltage to a mar- 
ginal or unacceptable level. The system is then unreli- 
able or completely inoperative until the CPU chip is 
replaced. But if the CPU chip was subjected to a dis- 
charge spark once, it will eventually happen again. 


Chips that have a grounded substrate, such as the 8748, 
can sometimes sustain some oxide damage without ac- 
tually becoming inoperative. In this case the damage is 
present, and the increased leakage current is noted; 
however, since the substrate voltage retains its design 
value, the damage is largely hidden. 
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It must therefore be recognized that connecting port 
pins unprotected to a keyboard or to anything else that· 
is subject to electrostatic discharges, makes an extreme- 
ly dangerous configuration. It doesn't make any differ- 
ence what CPU chip is being used, or who makes it. If 
it connects unprotected to a keyboard, it will eventually 
be destroyed. Designing for an ESD-environment will 
be discussed further on. 


We might note here that MOS chips are not the only 
components 
that are susceptible to permanent 
ESD 
damage. Bipolar and linear chips can also be damaged 
in this way. PN junctions are subject to a hard failure 
mechanism called thermal 
secondary breakdown, in 
which a current spike, such as from an electrostatic 
discharge, causes microscopically localized spots in the 
junction 
to approach melt temperatures. 
Low power 
TIL 
chips are subject to this type of damage, as are 
op-amps. Op-amps, in addition, often carry on-chip 
MOS capacitors which are directly across an external 
pin combination, and these are susceptible to dielectric 
breakdown. 


We return now to the subject of software upsets. Noise 
transients can upset the chip through any pin, even an 
output pin, because every pin on the chip connects to 
the substrate through a pn junction. However, the most 
vulnerable pin is probably the VCC line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The 
menu 
of possible upset 
mechanisms 
is quite 
lengthy. A transient on the substrate at the wrong time 
will generally cause a program read error. A false level 
at a control input can cause an extraneous or misdirect- 
ed opcode fetch. A disturbance on the supply line can 
flip a bit in the program counter or instruction register. 
A short interruption or reversal of polarity on the sup- 
ply line can actually turn the processor off, but not long 
enough for the power-up reset capacitor to discharge. 
Thus when the transient ends, the chip starts up again 
without a reset. 


A common failure mode is for the processor to lock 
itself into a tight loop. Here it may be executing the 
data in a table, or the program 
counter may have 
jumped a notch, so that the processor is now executing 
operands instead of opcodes, or it may be trying to 
fetch opcodes from a nonexistent external program 
memory. 


It should be emphasized that mechanisms for upsets 
have to do with the arrival of noise-induced transients 
at the pins of the chips, rather than with the generation 
of noise pulses within the chip itself, that is, it's not the 
chip that is picking up noise, it's the circuit. 


Prevention is usually cheaper than suppression, so first 
we'll consider some preventive methods that might help 


to minimize the generation of noise voltages in the cir- 
cuit. These methods involve grounding, shielding, and 
wiring techniques that are directed toward the mecha- 
nisms by which noise voltages are generated in the cir- 
cuit. We'll also discuss methods of decoupling. Then 
we'll look at some schemes for making a graceful recov- 
ery from upsets that occur in spite of preventive mea- 
sures. Lastly, we'll take another look at two special 
problem areas: electrostatic discharges and the automo- 
tive environment. 


The first thing most people learn about electricity is 
that current won't flow unless it can flow in a closed 
loop. This simple fact is sometimes temporarily forgot- 
ten by the overworked engineer who has spent the past 
several years mastering the intricacies of the DO loop, 
the timing loop, the feedback loop, and maybe even the 
ground loop. The simple current loop probably owes its 
apparent demise to the invention of the ground symbol. 
By a stroke of the pen one avoids having to draw the 
return paths of most of the current loops in the circuit. 
Then "ground" turns into an infinite current sink, so 
that any current that flows into it is gone and forgotten. 
Forgotten it may be, but it's not gone. It must return to 
its source, so that its path will by all the laws of nature 
form a closed loop. 


The physical geometry of a given current loop is the 
key to why it generates EMI, why it's susceptible to 
EMI, and how to shield it. Specifically, it's the area of 
the loop that matters. 


Any flow of current generates a magnetic field whose 
intensity varies inversely to the distance from the wire 
that carries the current. Two parallel wires conducting 
currents + I and - I (as in signal feed and return lines) 
would generate a nonzero magnetic field near the wires, 
where the distance from a given point to one wire is 
noticeably different from the distance to the other wire, 
but farther away (relative to the wire spacing), where 
the distances from a given point to either wire are about 
the same, the fields from both wires tend to cancel out. 
Thus, maintaining proximity between feed and return 
paths is an important way to minimize their interfer- 
ence with other signals. The way to maintain their 
proximity is essentially to minimize their loop area. 
And, because the mutual inductance from current loop 
A to current loop B is the same as the mutual induc- 
tance from current loop B to current loop A, a circuit 
that doesn't radiate interference doesn't receive it ei- 
ther. 


Thus, from the standpoint of reducing both generation 
of EMI and susceptibility to EMI, the hard rule is to 
keep loop areas small. To say that loop areas should be 
minimized is the same as saying the circuit inductance 
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should be minimized. Inductance is by definition the 
constant of proportionality 
between current and the 
magnetic field it produces: 
<f> = LI. Holding the feed 
and return wires close together so as to promote field 
cancellation can be described either as minimizing the 
loop area or as minimizing L. It's the same thing. 


There are three basic kinds of shields: shielding against 
capacitive coupling, shielding against inductive cou- 
pling, and RF shielding. Capacitive coupling is electric 
field coupling, so shielding against it amounts to shield- 
ing against electric fields. As will be seen, this is rela- 
tively easy. Inductive coupling is magnetic field cou- 
pling, so shielding against it is shielding against mag- 
netic fields. This is a little more difficult. Strangely 
enough, this type of shielding does not in general in- 
volve the use of magnetic materials. RF shielding, the 
classical "metallic barrier" against all sorts of electro- 
magnetic fields, is what most people picture when they 
think about shielding. Its effectiveness depends partly 
on the selection of the shielding material, but mostly, as 
it turns out, on the treatment of its seams and the ge- 
ometry of its openings. 


Capacitive coupling involves the passage of interfering 
signals through mutual or stray capacitances that aren't 
shown on the circuit diagram, but which the experi- 
enced engineer knows are there. Capacitive coupling to 
one's body is what would cause an unstable oscillator to 
change its frequency when the person reaches his hand 
over the circuit, for example. More importantly, in a 
digital system it causes crosstalk in multi-wire cables. 


The way to block capacitive coupling is to enclose the 
circuit or conductor you want to protect in a metal 
shield. That's called an electrostatic or Faraday shield. 
If coverage is 100%, the shield does not have to be 
grounded, but it usually is, to ensure that circuit-to- 
shield capacitances go to signal reference ground rather 
than act as feedback and crosstalk elements. Besides, 
from a mechanical point of view, grounding it is almost 
inevitable. 


A grounded Faraday shield can be used to break capac- 
itive coupling between a noisy circuit and a victim cir- 
cuit, as shown in Figure 4. Figure 4a shows two circuits 
capacitively coupled through the stray capacitance be- 
tween them. In Figure 4b the stray capacitance is inter- 
cepted by a grounded Faraday shield, so that interfer- 
ence currents are shunted to ground. For example, a 
grounded plane can be inserted between PCBs (printed 
circuit boards) to eliminate most of the capacitive cou- 
pling between them. 


Another application of the Faraday shield is in the elec- 
trostatically shielded transformer. Here, a conducting 
foil is laid between the primary and secondary coils so 
as to intercept the capacitive coupling between them. If 
a system is being upset by AC line transients, this type 
of transformer may provide the fix. To be effective in 
this application, the shield must be connected to the 
greenwire ground. 


With inductive coupling, the physical mechanism in- 
volved is a magnetic flux density B from some external 
interference source that links with a current loop in the 
victim circuit, and generates a voltage in the loop in 
accordance with Lenz's law: v = - NA(dB/dt), 
where 
in this case N = I and A is the area of the current loop 
in the victim circuit. 


There are two aspects to defending a circuit against 
inductive pickup. One aspect is to try to minimize the 
offensive fields at their source. This is done by minimiz- 
ing the area of the current loop at the source so as to 
promote field cancellation, as described in the section 
on current loops. The other aspect is to minimize the 
inductive pickup in the victim circuit by minimizing the 
area of that current loop, since, from Lenz's law, the 
induced voltage is proportional to this area. So the two 
aspects really involve the same corrective action: mini- 
mize the areas of the current loops. In other words, 
minimizing the offensiveness of a circuit inherently 
minimizes its susceptibility. 
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Shielding against inductive coupling means nothing 
more nor less than controlling the dimensions of the 
current loops in the circuit. We must look at four ex- 
amples of this type of "shielding": the coaxial cable, the 
twisted pair, the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable-Figure 
5 shows a coaxial cable 
carrying a current I from a signal source to a receiving 
load. The shield carries the same current as the center 
conductor. Outside the shield, the magnetic field pro- 
duced by + I flowing in the center conductor is can- 
celled by the field produced by - I flowing in the 
shield. To the extent that the cable is ideal in producing 
zero external magnetic field, it is immune to inductive 
pickup from external sources. The cable adds effective- 
ly zero area to the loop. This is true only if the shield 
carries the same current as the center conductor. 


In the real world, both the signal source and the receiv- 
ing load are likely to have one end connected to a com- 
mon signal ground. In that case, should the cable be 
grounded at one end, both ends, or neither end? The 
answer is that it should be grounded at both ends. Fig- 
ure 6a shows the situation when the cable shield is 
grounded at only one end. In that case the current loop 
runs down the center conductor of the cable, then back 
through the common ground connection. The loop area 
is not well defmed. The shield not only does not carry 
the same current as die center conductor, but it doesn't 
carry any current at all. There is no field cancellation at 
all. The shield has no effect whatsoever on either the 
generation of EMI or susceptibility to EM!. (It is, how- 
ever, still effective as an electrostatic shield, or at least 
it would be if the shield coverage were 100%.) 


Figure 6b shows the situation when the cable is ground- 
ed at both ends. Does the shield carry all of the return 
current, or only a portion of it on account of the shunt- 
ing effect of the common ground connection? The an- 
swer to that question depends on the frequency content 
of the signal. In general, the current loop will follow the 
path of least impedance. At low frequencies, 0 Hz to 
several kHz, where the inductive reactance is insignifi- 
cant, the current will follow the path of least resistance. 
Above a few kHz, where inductive reactance predomi- 
nates, the current will follow the path of least induc- 
tance. The path of least inductance 
is the path of 
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Figure 6. Use of Coaxial Cable 


minimum loop area. Hence, for higher frequencies the 
shield carries virtually the same current as the center 
conductor, and is therefore effective against both gener- 
ation and reception of EMI. 


Note that we have now introduced the famous "ground 
loop" problem, as shown in Figure 1a. Fortunately, a 
digital system has some built-in immunity to moderate 
ground loop noise. In a noisy environment, however, 
one can break the ground loop, and still maintain the 
shielding effectiveness of the coaxial cable, by inserting 
an optical coupler, as shown in Figure 7b. What the 
optical coupler does, basically, is allow us to re-defme 
the signal source as being ungrounded, so that that end 
of the cable need not be grounded, and still lets the 
shield carry the same current as the center conductor. 
Obviously, if the signal source weren't grounded in the 
first place, the optical coupler wouldn't be needed. 


The Twisted Pair-A 
cheaper way to minimize loop 
area is to run the feed and return wires right next to 
each other. This isn't as effective as a coaxial cable in 
minimizing loop area. An ideal coaxial cable adds zero 
area to the loop, whereas merely keeping the feed and 
return wires next to each other is bound to add a fmite 
area. 


However, two things work to make this cheaper meth- 
od almost as good as a coaxial cable. First, real coaxial 
cables are not ideal. If the shield current isn't evenly 
distributed around the center conductor at every cross- 
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(b) Breaking the Ground Loop 


Figure 7. Use of Optical Coupler 


section of the cable (it isn't), then field cancellation ex- 
ternal to the shield is incomplete. If field cancellation is 
incomplete, then the effective area added to the loop by 
the cable isn't zero. Second, in the cheaper method the 
feed and return wires can be twisted together. This not 
only maintains their proximity, but the noise picked up 
in one twist tends to cancel out the noise picked up in 
the next twist down the line. Thus the "twisted pair" 
turns out to be about as good a shield against inductive 
coupling as coaxial cable is. 


The twisted pair does not, however, provide electrostat- 
ic shielding (i.e., shielding against capacitive coupling). 
Another operational difference between them is that 
the coaxial cable works better at higher frequencies. 
This is primarily because the twisted pair adds more 
capacitive loading to the signal source than the coaxial 
cable does. The twisted pair is normally considered use- 
ful up to only about 1 MHz, as opposed to near a GHz 
for the coaxial cable. 


The Ground Plane-The 
best way to minimize loop 


areas when many current loops are involved is to use a 
ground plane. A ground plane is a conducting surface 
that is to serve as a return conductor for all the current 
loops in the circuit. Normally, it would be one or more 
layers of a multilayer PCB. All ground points in the 
circuit go not to a grounded trace on the PCB, but 
directly to the ground plane. This leaves each current 
loop in the circuit free to complete itself in whatever 
configuration yields minimum loop area (for frequen- 
cies wherein the ground path impedance is primarily 
inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in 
such a configuration as to minimize the energy stored 
in the magnetic field produced by this current loop. 
Minimal magnetic flux means minimal effective loop 
area and minimal susceptibility to inductive coupling. 


The Gridded-Ground 
PCB 
Layout-The 
next best 


thing to a ground plane is to layout the ground traces 
on a PCB in the form of a grid structure, as shown in 
Figure 8. Laying horizontal traces on one side of the 
board and vertical traces on the other side allows the 
passage of signal and power traces. Wherever vertical 
and horizontal ground traces cross, they must be con- 
nected by a feed-through. 


Have we not created here a network of "ground loops"? 
Yes, in the literal sense of the word, but loops in the 
ground layout on a PCB are not to be feared. Such 
inoffensive little loops have never caused as much noise 
pickup as their avoidance has. Trying to avoid innocent 
little loops in the ground layout, PCB designers have 
forced current loops into geometries that could swallow 
a whale. That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as 
the ground plane, as far as minimizing loop area is con- 
cerned. For a given current loop, the primary return 
path may have to zig once in a while where its feed path 
zags, but you still get a mathematically optimal dis-• 
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tribution of currents in the grid structure, such that the 
current loop produces less magnetic flux than if the 
return path were restrained to follow any single given 
ground trace. The key to attaining minimum loop areas 
for all the current loops together is to let the ground 
currents distribute themselves around the entire area of 
the board as freely as possible. They want to minimize 
their own magnetic field. Just let them. 


A time-varying electric field generates a time-varying 
magnetic field, and vice versa. Far from the source of a 
time-varying EM field, the ratio of the amplitudes of 
the electric and magnetic fields is always 3770. Up 
close to the source of the fields, however, this ratio can 
be quite different, and dependent on the nature of the 
source. Where the ratio is near 3770 is called the far 
field, and where the ratio is significantly different from 
3770 is called the near field. The ratiQ itself is called 
the wave impedance, E/H. 


The near field goes out about 1/6 of a wavelength from 
the source. At I MHz this is about 150 feet, and at 10 
MHz it's about 15 feet. That means if an EMI source is 
in the same room with the victim circuit, it's likely to 
be a near field problem. The reason this matters is that 
in the near field an RF interference problem could be 
almost entirely due to E-field coupling or H-field cou- 
pling, and that could influence the choice of an RF 
shield or whether an RF shield will help at all. 


In the near field of a whip antenna, the E/H ratio is 
higher than 3770, which means it's mainly an E-field 
generator. A wire-wrap post can be a whip antenna. 
Interference from a whip antenna would be by electric 
field coupling, which is basically capacitive coupling. 
Methods to protect a circuit from capacitive coupling, 
such 
as 
a 
Faraday 
shield, 
would 
be 
effective 


against RF interference from a whip antenna. A grid- 
ded-ground structure would be less effective. 


In the near field of a loop antenna, the EIH ratio is 
lower than 3770, which means it's mainly an H-field 
generator. Any current loop is a loop antenna. Interfer- 
ence from a loop antenna would be by magnetic field 
coupling, which is basically the same as inductive cou- 
pling. Methods to protect a circuit from inductive cou- 
pling, such as a gridded-ground structure, would be ef- 
fective against RF interference from a loop antenna. A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or 
far field, may require a genuine metallic RF shield. The 
idea behind RF shielding is that time-varying EMI 
fields induce currents in the shielding material. The in- 
duced currents dissipate energy in two ways: I2R losses 
in the shielding material and radiation losses as they re- 
radiate their own EM fields. The energy for both of 
these mechanisms is drawn from the impinging EMI 
fields. Hence the EMI is weakened as it penetrates the 
shield. 


More formally, the I2R losses are referred to as absorp- 
tion loss, and the re-radiation is called reflection loss. 
As it turns out, absorption loss is the primary shielding 
mechanism for H-fields, and reflection loss is the pri- 
mary shielding mechanism for E-fields. Reflection loss, 
being a surface phenomenon, is pretty much indepen- 
dent of the thickness of the shielding material. Both 
loss mechanisms, however, are dependent on the fre- 
quency (w) of the impinging EMI field, and on the 
permeability (/L) and conductivity (<T) of the shielding 
material. These loss mechanisms vary approximately as 
follows: 
<T 
reflection loss to an E-field (in dB) - 
log- 
w/L 


absorption loss to an H-field (in dB) - 
t~W<T/L 


where t is the thickness of the shielding material. 


The first expression indicates that E-field shielding is 
more effective if the shield material is highly conduc- 
tive, and less effective if the shield if ferromagnetic, and 
that low-frequency fields are easier to block than high- 
frequency fields. This is shown in Figure 9. 
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Copper and aluminum both have the same permeabili- 
ty, but copper is slightly more conductive, and so pro- 
vides slightly greater reflection loss to an E-field. Steel 
is less effective for two reasons. First, it has a somewhat 
elevated permeability due to its iron content, and sec- 
ond, as tends to be the case with magnetic materials, it 
is less conductive. 


On the other hand, according to the expression for ab- 
sorption loss to an H-field, H-field shielding is more 
effective at higher frequencies and with shield material 
that has both high conductivity and high permeability. 
In practice, however, selecting steel for its high perme- 
ability involves some compromise in conductivity. But 
the increase in permeability more than makes up for the 
decrease in conductivity, as can be seen in Figure 10. 
This figure also shows the effect of shield thickness. 


A composite of E-field and H-field shielding is shown 
in Figure 11. However, this type of data is meaningful 
only in the far field. In the near field the EMI could be 
90% H-field, in which case the reflection loss is irrele- 
vant. It would be advisable then to beef up the absorp- 
tion loss, at the expense of reflection loss, by choosing 
steel. A better conductor than steel might be less expen- 
sive, but quite ineffective. 


A different shielding mechanism that can be taken ad- 
vantage offor low frequency magnetic fields is the abili- 
ty of a high permeability material such as mumetal to 
divert the field by presenting a very low reluctance path 
to the magnetic flux. Above a few kHz, however, the 
permeability of such materials is the same as steel. 


In actual fact the selection of a shielding material turns 
out to be less important than the presence of seams, 
joints and holes in the physical structure of the enclo- 
sure. The shielding mechanisms are related to the in- 
duction of currents in the shield material, but the cur- 
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rents must be allowed to flow freely. If they have to 
detour around slots and holes, as shown in Figure 12, 
the shield loses much of its effectiveness. 


As can be seen in Figure 12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry of the hole. Comparing Figure l2c with 
l2d shows that a long narrow discontinuity such as a 
seam can cause more RF leakage than a line of holes 
with larger total area. A person who is responsible for 
designing or selecting rack or chassis enclosures for an 
EMI environment needs to be familiar with the tech- 
niques that are available for maintaining electrical con- 
tinuity across seams. Information on these techniques is 
available in the references. 


There are two kinds of grounds: earth-ground and sig- 
nal ground. The earth is not an equipotential surface, so 
earth ground potential varies. That and its other electri- 
cal properties are not conducive to its use as a return 
conductor in a circuit. However, circuits are often con- 
nected to earth ground for protection against shock 
hazards. The other kind of ground, signal ground, is an 
arbitrarily 
selected reference node in a circuit-the 
node with respect to which other node voltages in the 
circuit are measured. 


The standard 3-wire single-phase AC power distribu- 
tion system is represented in Figure 13. The white wire 
is earth-grounded at the service entrance. If a load cir- 
cuit has a metal enclosure or chassis, and if the black 
wire develops a short to the enclosure, there will be a 
shock hazard to operating personnel, unless the enclo- 
sure itself is earth-grounded. 
If the enclosure is earth-•• 
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Figure 12. Effect of Shield Discontinul 


grounded, a short results in a blown fuse rather than a 
"hot" enclosure. The earth-ground connection to the 
enclosure is called a safety ground. The advantage of 
the 3-wire power system is that it distributes a safety 
ground along with the power. 


Note that the safety-ground wire carries no current, 
except in case of a fault, so that at least for low frequen- 
cies it's 
at earth-ground 
potential 
along its entire 
length. The white wire, on the other hand, may be sev- 
eral volts off ground, due to the IR drop along its 
length. 
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Signal ground is a single point in a circuit that is desig- 
nated to be the reference node for the circuit. Common- 
Iy, wires that connect to this single point are also re- 
ferred to as "signal ground." In some circles "power 
supply common" or PSC is the preferred terminology 
for these conductors. In any case, the manner in which 
these wires connect to the actual reference point is the 
basis of distinction among three kinds of signal-ground 
wiring methods: series, parallel, and multipoint. These 
methods are shown in Figure 14. 


The series connection is pretty common because it's 
simple and economical. It's the noisiest of the three, 
however, due to common ground impedance coupling 
between the circuits. When several circuits share a 
ground wire, currents from one circuit, flowing through 
the finite impedance of the common ground line, cause 
variations in the ground potential of the other circuits. 
Given that the currents in a digital system tend to be 
spiked, and that the common impedance is mainly in- 
ductive reactance, the variations could be bad enough 
to cause bit errors in high current or particularly noisy 
situations. 


The parallel connection eliminates common ground im- 
pedance problems, but uses a lot of wire. Other disad- 
vantages are that 
the impedance of the individual 


ground lines can be very high, and the ground lines 
themselves can become sources of EMI. 


In the multipoint system, ground impedance is mini- 
mized by using a ground plane with the various circuits 
connected to it by very short ground leads. This type of 
connection would be used mainly in RF circuits above 
10 MHz. 


A combination 
of series and parallel ground-wiring 
methods can be used to trade off economic and the 
various electrical considerations. The idea is to run se- 
ries connections for circuits that have similar noise 
properties, 
and connect them at a single reference 
point, as in the parallel method, as shown in Figure 15. 


In Figure 15, "noisy signal ground" connects to things 
like motors and relays. Hardware ground is the safety 
ground connection to chassis, racks, and cabinets. It's a 
mistake to use the hardware ground as a return path for 
signal currents because it's fairly noisy (for example, 
it's the hardware ground that receives an ESD spark) 
and tends to have high resistance due to joints and 
seams. 


Multipoint Connec~ion 


Figure 14.Three Ways to Wire the Grounds 
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Figure 15. Parallel Connection 
of Series Grounds 


Screws and bolts don't always make good electrical 
connections because of galvanic action, corrosion, and 
dirt. These kinds of connections may work well at first, 
and then cause mysterious maladies as the system ages. 


Figure 16 illustrates a grounding system for a 9-track 
digital tape recorder, showing an application of the se- 
ries/parallel ground-wiring method. 


Figure 17 shows a similar separation of grounds at the 
PCB level. Currents in multiplexed LED displays tend 
to put a lot of noise on the ground and supply lines 
because of the constant switching and changing in- 
volved in the scanning process. The segment driver 
ground is relatively quiet, since it doesn't conduct the 
LED currents. The digit driver ground is noisier, and 
should be provided with a separate path to the PCB 
ground terminal, even if the PCB ground layout is grid- 
ded. The LED feed and return current paths should be 
laid out on opposite sides of the board like parallel flat 
conductors. 


Figure 18 shows right and wrong ways to make ground 
connections in racks. Note that the safety ground con- 
nections from panel to rack are made through ground 
straps, not panel screws. Rack 1 correctly connects sig- 
nal ground to rack ground only at the single reference 
point. Rack 2 incorrectly connects signal ground to 
rack ground at two points, creating a ground loop 
around points I, 2, 3,4, 1. 


Breaking the "electronics ground" connection to point 
1 eliminates the ground loop, but leaves signal ground 
in rack 2 sharing a ground impedance with the relative- 
ly noisy hardware ground to the reference point; in fact, 
it may end up using hardware ground as a return path 
• 
for signal and power supply currents. This will proba- 
• 
bly cause more problems than the ground loop. 


Ground impedance problems can be virtually eliminat- 
ed by using braided cable. The reduction in impedance 
is due to skin effect: At higher frequencies the current 
tends to flow along the surface of a conductor rather 
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Figure 18. Electronic Circuits Mounted in Equipment Racks Should Have Separate Ground 
Connections. Rack 1 Shows Correct Grounding, Rack 2 Shows Incorrect Grounding. 


than uniformly through its bulk. While this effect tends 
to increase the impedance of a given conductor, it also 
indicates the way to minimize impedance, and that is to 
manipulate the shape of the cross-section so as to pro- 
vide more surface area. For its bulk, braided cable is 
almost pure surface. 


Power Supply Distribution 
and 
Decoupling 


The main consideration for power supply distribution 
lines is, as for signal lines, to minimize the areas of the 
current loops. But the power supply lines take on an 
importance that no signal line has when one considers 
the fact that these lines have access to every PC board 
in the system. The very extensiveness of the supply cur- 
rent loops makes it difficult to keep loop areas small. 
And, a noise glitch on a supply line is a glitch delivered 
to every board in the system. 


The power supply provides low-frequency current to 
the load, but the inductance of the board-to-board and 
chip-to-chip distribution network makes it difficult for 
the power supply to maintain VCC specs on the chip 
while providing the current spikes that a digital system 
requires. In addition, the power supply current loop is a 
very large one, which means there will be a lot of noise 
pick-up. Figure 19a shows a load circuit trying to draw 
current spikes from a supply voltage through the line 
impedance. To the VCC waveform shown in that figure 
should be added the inductive pick-up associated with a 
large loop area. 


Adding a decoupling capacitor solves two problems: 
The capacitor acts as a nearby source of charge to sup- 
ply the current spikes through a smaller line imped- 
ance, and it defmes a much smaller loop area for the 


higher frequency components of EMI. This is illustrat- 
ed in Figure 19b, which shows the capacitor supplying 
the current spike, during which VCC drops from 5V by 
the amount indicated in the figure. Between current 
spikes the capacitor recovers through the line imped- 
ance. 


One should resist the temptation to add a resistor or an 
inductor to the decoupler so as to form a genuine RC or 
LC low-pass filter because that slows down the speed 
with which the decoupler cap can be refreshed. Good 
filtering and good decoupling are not necessarily the 
same thing. 


The current loop for the higher frequency currents, 
then, is defmed by the decoupling cap and the load 
circuit, rather than by the power supply and the load 
circuit. For the decoupling cap to be able to provide the 
current spikes required by the load, the inductance of 
this current loop must be kept small, which is the same 
as saying the loop area must be kept small. This is also 
the requirement for minimizing inductive pick-up in 
the loop. 


There are two kinds of decoupling caps: board decou- 
piers and chip decouplers. A board decoupler will nor- 
mally be a 10 to 100 JLF electrolytic capacitor placed 
near to where the power supply enters the PC board, 
but its placement is relatively non-critical. The purpose 
of the board decoupler is to refresh the charge on the 
chip decouplers. The chip decouplers are what actually 
provide the current spikes to the chips. A chip decou- 
pier will normally be a 0.1 to 1 JLF ceramic capacitor 
placed near the chip and connected to the chip by 
traces that minimize the area of the loop formed by the 
cap and the chip. If a chip decoupler is not properly 
placed on the board, it will be ineffective as a decoupler 
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(b) Drawing Current Spikes 
from a Decoupllng Capacitor 


and will serve only to increase the cost of the board. 
Good and bad placement of decoupling capacitors are 
illustrated in Figure 20. 


Power distribution traces on the PC board need to be 
laid out so as to obtain minimal area (minimal induc- 
tance) in the loops formed by each chip and its decou- 
pier, and by the chip decouplers and the board decou- 
pier. One way to accomplish this goal is to use a power 
plane. A power plane is the same as a ground plane, but 
at VCC potential. More economically, a power grid 
similar to the ground grid previously discussed (Figure 
8) can be used. Actually, if the chip decoupling loops 
are small, other aspects of the power layout are less 
critical. In other words, power planes and power grid- 
ding aren't needed, but power traces should be laid in 
the closest possible proximity to ground traces, prefer- 
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The decreased 
area of loop between 
capacitor 
& IC decreases 
inductance. 


ably so that each power trace is on the direct opposite 
side of the board from a ground trace. 


Special-purpose power supply distribution buses which 
mount on the PCB are available. The buses use a paral- 
lel flat conductor configuration, one conductor being a 
VCC line and the other a ground line. Used in conjunc- 
tion with a gridded ground layout, they not only pro- 
vide a low-inductance 
distribution 
system, but can 


themselves form part of the ground grid, thus facilitat- 
ing the PCB layout. The buses are available with and 
without enhanced bus capacitance, under the names 
MinilBus411and QIPAC411from Rogers Corp. (5750 E. 
McKellips, Mesa, AZ 85205). 


SELECTING THE VALUE OF THE 
DECOUPLING CAP 


The effectiveness of the decoupling cap has a lot to do 
with the way the power and ground traces connect this 
capacitor to the chip. In fact, the area formed by this 
loop is more important than the value of the capaci- 
tance. Then, given that the area of this loop is indeed 
minimal, it can generally be said that the larger the 
value of the decoupling cap, the more effective it is, if 
the cap has a mica, ceramic, glass, or polystyrene di- 
electric. 


It's often said, and not altogether accurately, that the 
chip decoupler shouldn't have too large a value. There 
are two reasons for this statement. One is that some 
capacitors, because of the nature of their dielectrics, 
tend to become inductive or lossy at higher frequencies. 
This is true of electrolytic capacitors, but mica, glass, 


•••••• "1111'-, 
lUlUpolystyrene melectncs work well to sever- 
al hundred MHz. The other reason cited for not using 
too large a capacitance has to do with lead inductance. 


The capacitor with its lead inductance forms a series 
LC circuit. Below the frequency of series resonance, the 
net impedance of the combination is capacitive. Above 
that frequency, the net impedance is inductive. Thus a 
decoupling capacitor is capacitive only below the fre- 
quency of series resonance. The frequency is given by 


1 
fa = 27T.JLC 


where C is the decoupling capacitance and L is the lead 
inductance between the capacitor and the chip. On a 
PC board this inductance is determined by the layout, 
and is the same whether the capacitor dropped into the 
PCB holes is 0.001 /loFor 1 /loF.Thus, increasing the 
capacitance lowers the series resonant frequency. In 
fact, according to the resonant frequency formula, in- 
creasing C by a factor of 100 lowers the resonant fre- 
quency by a factor of 10. 


Figures quoted on the series resonant frequency of a 
0.01 /loFcapacitor run from 10 to 15 MHz, depending 
on the lead length. If these numbers were accurate, a 
1 /loFcapacitor in the same position on the board would 
have a resonant frequency of 1.0 to 1.5 MHz, and as a 
decoupler would do more harm than good. However, 
the numbers are based on a presumed inductance of a 
given length of wire (the lead length). It should be not- 
ed that a "length of wire" has no inductance at all, 
strictly speaking. Only a complete current loop has in- 
ductance, and the inductance depends on the geometry 
of the loop. Figures quoted on the inductance of a 
length of wire are based on a presumably "very large" 
loop area, such that the magnetic field produced by the 
return current has no cancellation effect on the field 
produced by the current in the given length of wire. 
Such a loop geometry is not and should not be the case 
with the decoupling loop. 


Figure 21 shows VCC waveforms, measured between 
pins 40 and 20 (VCC and VSS) of an 8751 CPU, for 
several conditions of decoupling on a PC board that has 
a decoupling loop area slightly larger than necessary. 
These photographs show the effects of increasing the 
decoupling capacitance and decreasing the area of the 
decoupling loop. The indications are that a 1 /loFcapac- 
itor is better than a 0.1 /loFcapacitor, which in turn is 
better than nothing, and that the board should have 
been laid out with more attention paid to the area of the 
decoupling loop. 


Figure 21e was obtained using a special-purpose experi- 
mental capacitor designed by Rogers Corp. (Q-Pac Di- 
vision, Mesa, AZ) for use as a decoupler. It consists of 
two parallel plates, the length of a 4O-pinDIP, separat- 
ed by a ceramic dielectric. Sandwiched between the 


CPU chip and the PCB (or between the CPU socket 
and the PCB), it makes connection to pins 40 and 20, 
forming a leadless decoupling capacitor. It is obviously 
a configuration of minimal inductance. Unfortunately, 
the particular sample tested had only 0.07 /loFof capac- 
itance and so was unable to prevent the 1 MHz ripple 
as effectively as the configuration of Figure 21d. It 
seems apparent, though, that with more capacitance 
this part will alleviate a lot of decoupling problems. 


THE CASE FOR ON-BOARD 
VOLTAGE 
REGULATION 


To complicate matters, supply line glitches aren't al- 
ways picked up in the distribution networks, but can 
come from the power supply circuit itself. In that case, 
a well-designed distribution network faithfully delivers 
the glitch throughout 
the system. The VCC glitch in 
Figure 22 was found to be coming from within a bench 
power supply in response to the EMP produced by an 
induction coil spark generator that was being used at 
Intel during a study of noise sensitivity. The VCC 
glitch is about 400 mV high and some 20 /losin dura- 
tion. Normal board decoupling techniques were ineffec- 
tive in removing it, but adding an on-board voltage reg- 
ulator chip did the job. 


Thus, a good case can be made in favor of using a 
voltage regulator chip on each PCB, instead of doing all 
the voltage regulation at the supply circuit. This eases 
requirements on the heat-sinking at the supply circuit, 
and alleviates much of the distribution and board de- 
coupling headaches. However, it also brings in the pos- 
sibility that different boards would be operating 
at 
slightly different VCC levels due to tolerance in the 
regulator chips; this then leads to slightly different logic 
levels from board to board. The implications of that 
may vary from nothing to latch-up, depending on what 
kinds of chips are on the boards, and how they react to 
an input "high" that is perhaps O.4Vhigher than local 
VCC. 


Recovering 
GracefUlly from a Software 
Upset 


Even when one follows all the best guidelines for de- 
signing for a noisy environment, it's always possible for 
a noise transient to occur which exceeds the circuit's 
immunity level. In that case, one can strive at least for a • 
graceful recovery. 


Graceful recovery schemes involve additional hardware 
and/or software which is supposed to return the system 
to a normal operating mode after a software upset has 
occurred. Two decisions have to be made: How to rec- 
ognize when an upset has occurred, and what to do 
about it. 
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(C) 0.1 IA-FDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 
(The difference between this and 21b Is 
due only to the change In loop geometry. 
Also shown Is the upward slope of a ripple 
In VCC. The ripple frequency Is 
1 MHz, the same as ALE.) 


210313-31 
(d) 1.0 IA-FDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 


(This prevents the 1 MHz ripple, but there's 
no reduction In higher frequency components. 
Further Increases In capacitance 
effected no further Improvement.) 
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(e) Special-Purpose Decoupllng Cap 
under Development by Rogers Corp. 
(Further discussion In text.) 


Figure 21. Noise on VCC Line 
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If the designer knows what kinds and combinations of 
outputs can legally be generated by the system, he can 
use gates to recognize and flag the occurrence of an 
illegal state of affairs. The flag can then trigger a jump 
to a recovery routine which then may check or re-ini- 
tialize data, perhaps output an error message, or gener- 
ate a simple reset. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is programmed to generate a 
periodic signal as long as the system is executing in- 
structions in an expected manner. The periodic signal is 
then used to hold off a circuit that will trigger a jump to 
a recovery routine. The periodic signal needs to be AC- 
coupled to the trigger circuit so that a "stuck-at" fault 
won't continue to hold off the trigger. Then, if the proc- 
essor locks up someplace, the periodic signal is lost and 
the watchdog triggers a reset. 


In practice, it may be convenient to drive the watchdog 
circuit with a signal which is being generated anyway 
by the system. One needs to be careful, however, that 
an upset does in fact discontinue that signal. Specifical- 
ly, for example, one could use one of the digit drive 
signals going to a multiplexed display. But display 
scanning is often handled in response to a timer-inter- 
rupt, which may continue operating even though the 
main program is in a failure mode. Even so, with a little 
extra software, the signal can be used to control the 
watchdog (see Reference 8 on this). 


Simpler schemes can work well for simpler systems. 
For example, if a CPU isn't doing anything but scan- 
ning and decoding a keyboard, there's little to lose and 
much to gain by simply resetting it periodically with an 
astable multivibrator. 
It only takes about 13 JJ.s(at 6 
MHz) to reset an 8048 if the clock oscillator is already 
running. 


A zero-cost measure is simply to fill all unused pro- 
gram memory with NOPs and JMPs to a recovery rou- 
tine. The effectiveness of this method is increased by 
writing the program in segments that are separated by 


NOPs and JMPs. It's still possible, of course, to get 
hung up in a data table or something. But you get a lot 
of protection, for the cost. 


Further discussion of graceful recovery schemes can be 
found in Reference 13. 


MOS chips have some built-in protection against a stat- 
ic charge build-up on the pins, as would occur during 
normal handling, but there's no protection against the 
kinds of current levels and rise times that occur in a 
genuine electrostatic spark. These kinds of discharges 
can blow a crater in the silicon. 


It must be recognized that connecting CPU pins unpro- 
tected to a keyboard or to anything else that is subject 
to electrostatic discharges makes an extremely fragile 
configuration. Buffering them is the very least one can 
do. But buffering doesn't completely solve the problem, 
because then the buffer chips will sustain the damage 
(even TTL); therefore, one might consider mounting 
the buffer chips in sockets for ease of replacement. 


Transient suppressors, such as the TranZorbsil!>made 
by General Semiconductor 
Industries 
(Tempe, AZ), 
may in the long run provide the cheapest protection if 
their "zero inductance" structure is used. The structure 
and circuit application are shown in Figure 23. 


The suppressor element is a pn junction that operates 
like a Zener diode. Back-to-back units are available for 
AC operation. The element is more or less an open 
circuit at normal system voltage (the standoff voltage 
rating for the device), and conducts like a Zener diode 
at the clamping voltage. 


The lead inductance in the conventional transient sup- 
pressor package makes the conventional package essen-• 
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tially useless for protection against ESD pulses, owing 
to the fast rise of these pulses. The "zero inductance" 
units are available singly in a 4-pin DIP, and in arrays 
of four to a 16-pin DIP for PCB level protection. In 
that application they should be mounted in close prox- 
imity to the chips they protect. 


In addition, metal enclosures or frames or parts that 
can receive an ESD spark should be connected by 
braided cable to the green-wire ground. Because of the 
ground impedance, ESD current shouldn't be allowed 
to flow through any signal ground, even if the chips are 
protected by transient suppressors. A 35 kV ESD spark 
can always spare a few hundred volts to drive a fast 
current pulse down a signal ground line if it can't find a 
braided cable to follow. Think how delighted your 8048 
will be to find its VSS pin 250V higher than VCC for a 
few 108of nanoseconds. 


The automobile presents an extremely hostile environ- 
ment for electronic systems. There are several parts to 
it: 
1. Temperature extremes from -4O"C to + 125°C (un- 
der the hood) or + 85°C (in the passenger compart- 
ment) 
2. Electromagnetic pulses from the ignition system 
3. Supply line transients that will knock your socks off 


One needs to take a long, careful look at the tempera- 
ture extremes. The allowable storage temperature range 
for most Intel MOS chips is -65°C 
to + 1500C, al- 
though some chips have a maximum storage tempera- 
ture rating of + 125°C. In operation (or "under bias," 
as the data sheets say) the allowable ambient tempera- 
ture range depends on the product grade, as follows: 


Grade 
Ambient 
Temperature 


Min 
Max 


Commercial 
0 
70 
Industrial 
-40 
+85 
Automotive 
-40 
+ 110 
Military 
-55 
+125 


The different product 
grades are actually the same 
chip, but tested according to different standards. Thus, 
a given commercial-grade chip might actually pass mil- 
itary temperature requirements, but not have been test- 
ed for it. (Of course, there are other differences in grad- 
ing requirements having to do with packaging, bum-in, 
traceability, etc.) 


In any case, it's apparent that commercial-grade chips 
can't be used safely in automotive applications, not 
even in the passenger compartment. 
Industrial-grade 
chips can be used in the passenger compartment, and 
automotive or military chips are required in under-the- 
hood applications. 


Ignition noise, CB radios, and that sort of thing are 
probably the least of your worries. In a poorly designed 
system, or in one that has not been adequately tested 
for the automotive 
environment, 
this type of EMI 
might cause a few software upsets, but not destroy 
chips. 


The major problem, and the one that seems to come as 
the biggest surprise to most people, is the line tran- 
sients. Regrettably, the 12V battery is not actually the 
source of power when the car is running. The charging 


. system is, and it's not very clean. The only time the 
battery is the real source of power is when the car is 
first being started, and in that condition the battery 
terminals may be delivering about 5V or 6V. As follows 
is a brief description of the major idiosyncracies of the 
"12V" automotive power line. 
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• An abrupt reduction in the alternator load causes a 
positive voltage transient called "load dump." In a 
load dump transient the line voltage rises to 20V or 
30V in a few J.l.s, then decays exponentially with a 
time constant of about 100 J.l.s, as shown in Figure 
24. Much higher peak voltages and longer decay 
times have also been reported. The worst case load 
dump is caused by disconnecting a low battery from 
the alternator circuit while the alternator is running. 
Normally this would happen intermittently 
when 


the battery terminal connections are defective. 
• When the ignition is turned otT,as the field excita- 


tion decays, the line voltage can go to between 
-40Vand 
-looV 
for 100 J.l.s or more. 


• Miscellaneous solenoid switching transients, such as 
the one shown in Figure 25, can drive the line to + 
or - 200V to 400V for several J.l.s. 


o SEC. 
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• Mutual coupling between unshie1ded wires in long 
harnesses can induce looV and 200V transients in 
unprotected circuits. 


What all this adds up to is that people in the business of 
building systems for automotive applications need a 
comprehensive 
testing program. 
An SAE guideline 
which describes the automotive environment is avail- 
able to designers: SAE Jl211, "Recommended 
Envi- 


ronmental Practices for Electronic Equipment Design," 
1980 SAE Handbook, Part 1, pp. 22.80-22.96. 


Some suggestions for protecting circuitry are shown in 
Figure 26. A transient suppressor is placed in front of 
the regulator chip to protect it. Since the rise times in 
these transients are not like those in ESD pulses, lead 
inductance is less critical and conventional devices can 
be used. The regulator itself is pretty much of a necessi· 
ty, since a load dump transient is simply not going to be 
removed by any conventional LC or RC filter. 
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Special I/O interfacing is also required, because of the 
need for high tolerance to voltage transients, 
input 
noise, input/output 
isolation, etc. In addition, switches 
that are being monitored or driven by these buffers are 
usually referenced to chassis ground instead of signal 
ground, and in a car there can be many volts difference 
between the two. I/O interfacing is discussed in Refer- 
ence 2. 


The EMC Education committee has available a video 
tape: 
"Introduction 
to 
EMC-A 
Video 
Training 


Tape," by Henry Otto Don White Consultants offers a 
series of training courses on many different aspects of 
electromagnetic compatibility. Most organizations that 
sponsor EMC courses also offer in-plant presentations. 


The main sources of information for this Application 
Note were the references by Ott and by White. Refer- 
ence 5 is probably the frnest treatment currently avail- 
able on the subject. The other references provided spe- 
cific information as cited in the text. 


Courses and seminars on the subject of electromagnetic 
interference are given regularly throughout 
the year. 


Information on these can be obtained from: 


IEEE Electromagnetic Compatibility Society 
EMC Education Committee 
345 East 47th Street 
New York, NY 10017 


Don White Consultants, Inc. 
International Training Centre 
P.O. Box D 
Gainesville, VA 22065 
Phone: (703) 347-0030 
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Intel's microcontroller families (MCS@-48, MCS@-51, 
and iACX-96) contain a circuit that is commonly re- 
ferred to as the "on-chip oscillator". The on-chip cir- 
cuitry is not itself an oscillator, of course, but an ampli- 
fier that is suitable for use as the amplifier part of a 
feedback oscillator. The data sheets and Microcontoller 
Handbook show how the on-chip amplifier and several 
off-chip components can be used to design a working 
oscillator. With proper selection of off-chip compo- 
nents, these oscillator circuits will perform better than 
almost any other type of clock oscillator, and by almost 
any criterion of excellence. The suggested circuits are 
simple, economical, stable, and reliable. 


We offer assistance to our customers in selecting suit- 
able off-chip components to work with the on-chip os- 
cillator circuitry. It should be noted, however, that In- 
tel cannot assume the responsibility of writing specifi- 
cations for the off-chip components of the complete os- 
cillator circuit, nor of guaranteeing the performance of 
the finished design in production, anymore than a tran- 
sistor manufacturer, whose data sheets show a number 
of suggested amplifier circuits, can assume responsibili- 
ty for the operation, in production, of any of them. 


We are often asked why we don't publish a list of re- 
quired crystal or ceramic resonator specifications, and 
recommend values for the other off-chip components. 
This has been done in the past, but sometimes with 
consequences that were not intended. 


Suppose we suggest a maximum crystal resistance of 30 
ohms for some given frequency. Then your crystal sup- 
plier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm crystals. Fearing that Intel 
will not "guarantee operation" with 50-ohm crsytals, 
you order the expensive ones. In fact, Intel guarantees 
only what is embodied within an Intel product. Besides, 
there is no reason why 50-ohm crystals couldn't be 
used, if the other off-chip components are suitably ad- 
justed. 


Should we recommend values for the other off-chip 
components? Should we do it for 50-ohm crystals or 30- 
ohm crystals? With respect to what should we optimize 
their selection? Should we minimize start-up time or 
maximize frequency stability? In many applications, 
neither start-up time nor frequency stability are partic- 
ularly critical, and our "recommendations" 
are only re- 
stricting your system to 'unnecessary tolerances. It all 
depends on the application. 


Although we will neither "specify" nor "recommend" 
specific off-chip components, we do offer assistance in 
these tasks. Intel application engineers are available to 
provide whatever technical assistance may be needed or 
desired by our customers in designing with Intel prod- 
ucts. 


This Application Note is intended to provide such as- 
sistance in the design of oscillator circuits for micro- 
controller systems. Its purpose is to describe in a practi- 
cal manner how oscillators work, how crystals and ce- 
ramic resonators work (and thus how to spec them), 
and what the on-chip amplifier looks like electronically 
and what its operating characteristics are. A BASIC 
program is provided in Appendix II to assist the de- 
signer in determining the effects of changing individual 
parameters. Suggestions are provided for establishing a 
pre-production test program. 


Figure 1 shows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifi- 
er is \!\0 then the output signal from the amplifer is \!2 
= A\!i and the output signal from the passive network 
is \!3 = f3\!2 = f3A\!i' Thus f3A is the overall gain 
from terminal 1 to terminal 3. 


Now connect terminal 1 to terminal 3, so that the sig- 
nal path forms a loop: 1 to 2 to 3, which is also 1. Now 
we have a feedback loop, and the gain factor f3A is 
called the loop gain. 


Gain factors are complex numbers. That means they 
have a magnitude and a phase angle, both of which 
vary with frequency. When writing a complex number, 
one must specify both quantities, magnitude and angle. 
A number whose magnitude is 3, and whose angle is 45 
degrees is commonly written this way: 3L45°. The num- 
ber 1 is, in complex number notation, ILOO, while - 1 is 
ILl 800. 


By closing the feedback loop in Figure I, we force the 
equality 
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in effect. In the first solution the circuit is qUiesce~tJ(no 
output signal). If you're trying to make an oscillator, a 
no-signal condition is unacceptable. There are ways to 
guarantee that the second solution is the one that will 
be in effect, and that the quiescent condition will be 
excluded. 


A feedback oscillator amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscilla- 
tion frequency, to build up and reinforce the desired 
oscillations. Its ability to do that depends on its loop 
gain. First, oscillations can occur only at the frequency 
for which the loop gain has a phase angle of 0 degrees. 
Second build-up of oscillations will occur only if the 
loop gain exceeds 1 at the frequency. Build-up contin- 
ues until nonlinearities in the circuit reduce the average 
value of the loop gain to exactly 1. 


Start-up 
characteristics 
depend 
on the small-signal 
properties of the circuit, specifically, the small-signal 
loop gain. Steady-state characteristics of the oscillator 
depend on the large-signal properties of the circuit, 
such as the transfer curve (output voltage vs. input 
voltage) of the amplifier, and the clamping effect of the 
input protection devices. These things will be discussed 
more fully further on. First we will look at the basic 
operation of the particular oscillator circuit, called the 
"positive reactance" oscillator. 


Figure 2 shows the configuration of the positive reac- 
tance oscillator. The inverting amplifier, working into 
the impedance of the feedback network, produces an 
output signal that is nominally 180degrees out of phase 
with its input. The feedback network must provide an 
additional 180degrees phase shift, such that the overall 
loop gain has zero (or 360) degrees phase shift at the 
oscillation frequency. 


;;~~th~t-th~-reedb-;:ck 
~i;~e~t'Zr"h;; 
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reactance. That is, it must be inductive. Then, the fre- 
quency at which the phase angle is zero is approximate- 
ly the frequency at which 


+1 
Xf=-wC 


where Xf is the reactance of Zr (the total Zr being Rf + 
jXf, and C is the series combination of Cx! and CX2. 


In other words, Zr and C form a parallel resonant cir- 
cuit. 


If Zr is an inductor, then Xf = wL, and the frequency 
at which the loop gain has zero phase is the frequency 
at which 


1 
wL=-wC 


1 
w=J[C 


Normally, Zris not an inductor, but it must still have a 
positive reactance in order for the circuit to oscillate. 
There are some piezoelectric devices on the market that 
show a positive reactance, and provide a more stable 
oscillation frequency than an inductor 
will. Quartz 
crystals can be used where the oscillation frequency is 
critical, and lower cost ceramic resonators can be used 
where the frequency is less critical. 


When the feedback element is a piezoelectric device, 
this circuit configuration is called a Pierce oscillator. 
The advantage of piezoelectric resonators lies in their 
property of providing a wide range of positive reactance 
values over a very narrow range of frequencies. The 
reactance will equal 11wC at some frequency within 
this range, so the oscillation frequency will be within 
the same range. Typically, the width of this range is 


only 0.3% of the nominal frequency of a quartz crystal, 
and about 3% of the nominal frequency of a ceramic 
resonator. With relatively little design effort, frequency 
accuracies of 0.03% or better can be obtained with 
quartz crystals, and 0.3% or better with ceramic reso- 
nators. 


The crystal resonator is a thin slice of quartz sand- 
wiched between two electrodes. Electrically, the device 
looks pretty much like a 5 or 6 pF capacitor, except 
that over certain ranges of frequencies the crystal has a 
positive (i.e., inductive) reactance. 


The ranges of positive reactance originate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 
ates an internal E-field. The effect is reversible: Apply- 
ing an AC E-field causes the crystal to vibrate. At cer- 
tain vibrational frequencies there is a mechanical reso- 
nance. As the E-field frequency approaches a frequency 
of mechanical resonance, the measured reactance of the 
crystal becomes positive, as shown in Figure 3. 
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Typically there are several ranges of frequencies where- 
in the reactance of the crystal is positive. Each range 
corresponds to a different mode of vibration in the crys- 
tal. The main resonsances are the so-called fundamen- 
tal response and the third and fifth overtone responses. 


The overtone responses shouldn't be confused with the 
harmonics of the fundamental. They're not harmonics, 
but different vibrational modes. They're not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" responses, occurring typi- 
cally a few hundred KHz above each main response. 


To assure that an oscillator starts in the desired mode 
on power-up, something must be done to suppress the 
loop gain in the undesired frequency ranges. The crys- 
tal itself provides some protection against unwanted 
modes of oscillation; too much resistance in that mode, 
for example. Additionally, junction capacitances in the 
amplifying devices tend to reduce the gain at higher 
frequencies, and thus may discriminate against unwant- 
ed modes. In some cases a circuit fix is necessary, such 
as inserting a trap, a phase shifter, or ferrite beads to 
kill oscillations in unwanted modes. 


Figure 4 shows an equivalent circuit that is used to 
represent the crystal for circuit analysis. 


The Rt-Lt-Ct 
branch is called the motivational arm of 
the crystal. The values of these parameters derive from 
the mechanical properties of the crystal and are con- 
stant for a given mode of vibration. Typical values for 
various nominal frequencies are shown in Table I. 
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Figure 4. Quartz Crystal: Symbol and 
Equivalent 
Circuit 


Co is called the shunt capacitance of the crystal. This is 
the capacitance of the crystal's electrodes and the me- 
chanical holder. If one were to measure the reactance of 
the crystal at a freuqency far removed from a resonance 
frequency, it is the reactance of this capacitance that 
would be measured. It's normally 3 to 7 pF. 


Table 
1. Typical 
Crystal 
Parameters 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
0.012 
4 


4.608 
36 
117 
0.010 
2.9 


11.25 
19 
8.38 
0.024 
5.4• 
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The series resonant frequency of the crystal is the fre- 
quency at which LI and CI are in resonance. This fre- 
quency is given by 


1 
fs=--- 
21T~L1C1 


At this frequency the impedance of the crystal is R 1in 
parallel with the reactance of Co. For most purposes, 
this impedance is taken to be just R 1>since the reac- 
tance of Co is so much larger than R I. 


A crystal oscillator circuit such as the one shown in 
Figure 2 (redrawn in Figure 5) operates at the frequen- 
cy for which the crystal is antiresonant (ie, parallel-res- 
onant) with the total capacitance across the crystal ter- 
minals external to the crystal. This total capacitance 
external to the crystal is called the load capacitance. 


CX1 CX2 
Cl=C 
+C 
+Cstray 
X1 
X2 


The crystal manufacturer needs to know the value of 
CL in order to adjust the crystal to the specified fre- 
quency. 
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The adjustment involves putting the crystal in series 
with the specified CL, and then "trimming" the crystal 
to obtain resonance of the series combination of the 
crystal and CL at the specified frequency. Because of 
the high Q of the crystal, the resonant frequency of the 
series combination of the crystal and CL is the same as 


the antiresonant frequency of the parallel combination 
of the crystal and CL. This frequency is given by 


1 
fa = --========;===;===- 
21T~L1C1 (Cl + CO)/(C1 
+ Cl 
+ CO) 


These frequency formulas are derived (in Appendix A) 
from the equivalent circuit of the crystal, using the as- 
sumptions that the Q of the crystal is extremely high, 
and that the circuit external to the crystal has no effect 
on the frequency other than to provide the load capaci- 
tance CL. The latter assumption is not precisely true, 
but it is close enough for present purposes. 


There is no such thing as a "series cut" crystal as op- 
posed to a "parallel cut" crystal. There are different 
cuts of crystal, having to do with the parameters of its 
motional arm in various frequency ranges, but there is 
no special cut for series or parallel operation. 


An oscillator is series resonant if the oscillation fre- 
quency is fs of the crystal. To operate the crystal at fs, 
the amplifier has to be noninverting. When buying a 
crystal for such an oscillator, one does not specify a 
load capacitance. Rather, one specifies the loading con- 
dition as "series." 


If a "series" crystal is put into an oscillator that has an 
inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance presented to the crystal by 
the oscillator circuit, at a frequency slightly above fs. In 
fact, at approximately 


This frequency would typically be about 0.02% above 
fs· 


The "series resistance" often listed on quartz crystal 
data sheets is the real part of the crystal impedance at 
the crystal's calibration frequency. This will be Rl if 
the calibration frequency is the series resonant frequen- 
cy of the crystal. If the crystal is calibrated for parallel 
resonance with a load capacitance CL, the equivalent 
series resistance will be 


ESR = R1 (1 +~y 


The crystal manufacturer 
measures this resistance at 
the calibration frequency during the same operation in 
which the crystal is adjusted to the calibration frequen- 
cy. 
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Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. 
There are two types of frequency tolerances on oscilla- 
tors: frequency acccuracy 
and frequency stability. 
Fre- 
quency accuracy refers to the oscillator's ability to run 
at an exact specified frequency. Frequency stability re- 
fers to the constancy of the oscillation frequency. 


Frequency accuracy requires mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted for. Frequency stability requires 
mainly that the load capacitance be constant. 


In most digital applications the accuracy and stability 
requirements on the oscillator are so wide that it makes 
very little difference what load capacitance the crystal 
was adjusted to, or what load capacitance the circuit 
actually presents to the crystal. For example, if a crys- 
tal was calibrated to a load capacitance of 25 pF, and is 
used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response mode for the oscillator to 
satisfy a 0.5% or better frequency tolerance. That's be- 
cause for any load capacitance the oscillation frequency 
is certain to be between the crystal's resonant and anti- 
resonant frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator will also affect frequency accuracy and 
stability. These phase shifts can normally be modeled as 
an "output capacitance" that, in the positive reactance 
oscillator, parallels CX2. The predictability and con- 
stancy of this output capacitance over temperature and 
device sample will be the limiting factor in determining 
the tolerances that the circuit is capable of holding. 


Drive level refers to the power dissipation in the crys- 
tal. There are two reasons for specifying it. One is that 
the parameters in the equivalent circuit are somewhat 
dependent on the drive level at which the crystal is 
calibrated. The other is that if the application circuit 
exceeds the test drive level by too much, the crystal 
may be damaged. Note that the terms "test drive level" 
and "rated drive level" both refer to the drive level at 
which the crystal is calibrated. Normally, in a micro- 
controller system, neither the frequency tolerances nor 
the power levels justify much concern for this specifica- 
tion. Some crystal manufacturers don't even require it 
for microprocessor crystals. 


In a positive reactance oscillator, if one assumes the 
peak voltage across the crystal to be something in the 
neighborhood of Vco the power dissipation can be ap- 
proximated as 


This formula is derived in Appendix A. In a 5V system, 
P rarely evaluates to more than a milliwatt. Crystals 
with a standard 
I or 2 mW drive level rating can be 
used in most digital systems. 
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Figure 6. Ceramic Resonator Impedance ys. 
Frequency (Test Data Supplied by NTK 
"Technical Ceramics) 


Ceramic resonators operate on the same basic princi- 
ples as a quartz crsytal. Like quartz crsytals, they are 
piezoelectric, have a reactance versus frequency curve 
similar to a crystal's, and an equivalent circuit that 
looks just like a crystal's (with different parameter val- 
ues, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, but the 
ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison that quartz crystals with relaxed 
tolerances cost about twice as much as ceramic resona- 
tors. For purposes of clocking a microcontroller, 
the 
frequency tolerance is often relatively noncritical, and 
the economic consideration becomes the dominant fac- 
tor. 


Figure 6 shows a graph of impedance magnitude versus 
frequency for a 3.58 MHz ceramic resonator. (Note 
that Figure 6 is a graph of IZrl versus frequency, where 


as rlgure 
j 
IS a grapn or xf versus rrequency.) A num- 
ber of spurious responses are apparent in Figure 6. The 
manufacturers 
state that spurious responses are more 
prevalent 
in the 
lower frequency 
resonators 
(kHz 
range) than in the higher frequency units (MHz range). 
For our purposes only the MHz range ceramics need to 
be considered. 


---10'-1-- 
SYMBOL 


---c::.t:*J- 


Figure 7. Ceramic 
Resonator: 
Symbol 
and 
Equivalent 
Circuit 


Figure 7 shows the symbol and equivalent circuit for 
the ceramic resonator, both of which are the same as 
for the crystal. The parameters have different values, 
however, as listed in Table 2. 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 
3.58 
7 
0.113 
19.6 
140 
6.0 
8 
0.094 
8.3 
60 
8.0 
7 
0.092 
4.6 
40 
11.0 
10 
0.057 
3.9 
30 


Note that the motional arm of the ceramic resonator 
tends to have less resistance than the quartz crystal and 
also a vastly reduced LlfCI 
ratio. This results in the 
motional arm having a Q (given by (1IRI) ~LlfCI) that 
is typically two orders of magnitude lower than that of 
a quartz crystal. The lower Q makes for a faster startup 
of the oscilaltor and for a less closely controlled fre- 
quency (meaning that circuitry external to the resona- 
tor will have more influence on the frequency than with 
a quartz crystal). 


Another major difference is that the shunt capacitance 
of the ceramic resonator is an order of magnitude high- 
er than Co of the quartz crystal and more dependent on 
the frequency of the resonator. 


The implications of these differences are not all obvi- 
ous, but some will be indicated in the section on Oscil- 
lator Calculations. 


ceramic 
resonators are easier to specify than quartz 
crystals. All the vendor wants to know is the desired 


trequency and the chip you want it to work with. 
They'll supply the resonators, a circuit diagram show- 
ing the positions and values of other external compo- 
nents that may be required and a guarantee that the 
circuit will work properly at the specified frequency. 


OSCILLATOR 
DESIGN 
CONSIDERATIONS 


Designers of microcontroller systems have a number of 
options to choose from for clocking the system. The 
main decision is whether to use the "on-chip" oscillator 
or an external oscillator. If the choice is to use the on- 
chip oscillator, what kinds of external components are 
needed to make it operate as advertised? If the choice is 
to use an external oscillator, what type of oscillator 
should it be? 


The decisions have to be based on both economic and 
technical requirements. 
In this section we'll discuss 
some of the factors that should be considered. 


------., 
V 
-----~ 


In most cases, the on-chip amplifier with the appropri- 
ate external components provides the most economical 
solution to the clocking problem. Exceptions may arise 
in severe environments when frequency tolerances are 
tighter than about 0.01%. 


The external components that need to be added are a 
positive reactance (normally a crystal or ceramic reso- 
nator) and the two capacitors CXI and CX2, as shown 
in Figure 8. 


Specifications for an appropriate crystal are not very 
critical, unless the frequency is. Any fundamental-mode 
crystal of medium or better quality can be used. 
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We are often asked what maximum crystal resistance 
should be specified. The best answer to this question is 
the lower the better, but use what's available. The crys- 
tal resistance will have some effect on start-up time and 
steady-state amplitude, but not so much that it can't be 
compensated for by appropriate selection of the capaci- 
tances CXt and CX2. 


Similar questions are asked about specifications of load 
capacitance and shunt capacitance. The best advice we 
can give is to understand what these parameters mean 
and how they affect the operation of the circuit (that 
being the purpose of this Application Note), and then 
decide for yourself if such specifications are meaningful 
in your application or not. Normally, they're not, un- 
less your frequency tolerances are tighter than about 
0.1%. 


Part of the problem is that crystal manufacturers are 
accustomed to talking "ppm" tolerances with radio en- 
gineers and simply won't take your order until you've 
filled out their list of specifications. It will help if you 
define your actual frequency tolerance requirements, 
both for yourself and to the crystal manufacturer. 
Don't pay for 0.003% crystals if your actual frequency 
tolerance is 1%. 


The oscillation frequency is determined 99.5% by the 
crystal and up to about 0.5% by the circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, which is as it should be, since the amplifier 
parameters are temperature and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) ca- 
pacitances, 
which parallel 
CXt and 
CX2, and 
the 
XTALl-to-XTAL2 
(pin-to-pin) 
capacitance, 
which 
parallels the crystal. The input and pin-to-pin capaci- 
tances are about 7 pF each. Internal phase deviations 
from the nominal 180" can be modeled as an output 
capacitance of 25 to 30 pF. These deviations from the 
ideal have less effect in the positive reactance oscillator 
(with the inverting amplifer) than in a comparable se- 
ries resonant oscillator (with the noninverting amplifi- 
er) for two reasons: first, the effect of the output capaci- 
tance is lessened, if not swamped, by the off-chip capac- 
itor; secondly, the positive reactance oscillator is less 
sensitive, frequency-wise, to such phase errors. 


Optimal values for the capacitors CXt and CX2 depend 
on 
whether 
a 
quartz 
crystal 
or 
ceramic 
resona- 


tor is being used, and also on application-specific re- 
quirements on start-up time and frequency tolerance. 


Start-up time is sometimes more critical in microcon- 
troller systems than frequency stability, because of vari- 
ous reset and initialization requirements. 


Less commonly, accuracy of the oscillator frequency is 
also critical, for example, when the oscillator is being 
used as a time base. As a general rule, fast start-up and 
stable frequency tend to pull the oscillator design in 
opposite directions. 


Considerations of both start-up time and frequency sta- 
bility over temperature 
suggest that 
CXt and CX2 


should be about equal and at least 20 pF. (But they 
don't have to be either.) Increasing the value of these 
capacitances above some 40 or 50 pF improves frequen- 
cy stability. It also tends to increase the start-up time. 
There is a maximum value (several hundred pF, de- 
pending on the value of Rt of the quartz or ceramic 
resonator) above which the oscillator won't start up at 
all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, the user can select values for CXt and CX2 
between some 20 and 100 pF, depending on whether 
start-up time or frequency stability is the more critical 
parameter in a specific application. If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
values of CXt must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation 
mode. 


Later sections in this Application Note will discuss the 
effects of varying CXt and CX2 (as well as other param- 
eters), and will have more to say on their selection. 


Noise glitches arriving at XTALI 
or XTAL2 pins at 
the wrong time can cause a miscount in the internal 
clock-generating circuitry. These kinds of glitches can 
be produced through capacitive coupling between the 
oscillator components and PCB traces carrying digital 
signals with fast rise and fall times. For this reason, the 
oscillator components should be mounted close to the 
chip and have short, direct traces to the XTALI, 
XTAL2, and VSS pins. 


There are times when it would be desirable to use the 
on-chip oscillator to clock other chips in the system.• 
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Figure 9. Using the On-Chip Oscillator 
to Drive Other Chips 


This can be done if an appropriate butTer is used. A 
TTL butTerputs too much load on the on-chip amplifi- 
er for reliable start-up. A CMOS butTer (such as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible with the available signal 
amplitudes. Circuits such as shown in Figure 9 might 
also be considered for these types of applications. 


Clock-related signals are available at the TO pin in the 
MCS-48 products, at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


When technical requirements dictate the use of an ex- 
ternal oscillator, the external drive requirements for the 
microcontroller, as published in the data sheet, must be 
carefully noted. The logic levels are not in general TTL- 
compatible. And each controller has its idiosyncracies 
in this regard. The 8048, for example, requires that 
both XTALl and XTAL2 be driven. The 8051 can be 
driven that way, but the data sheet suggest the simpler 
method of grounding XTALl and driving XTAL2. For 
this method, the driving source must be capable of sink- 
ing some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made and home-grown. 


TTL Crystal 
Clock 
Oscillator 


The HS-lOO, HS-200, & HS-500 all-metal package se- 
ries of oscillators 
are TfL compatible 
& fit a DIP 
layout. 
Standard 
electrical 
specifications 
are shown 
below. 
Variations 
are available 
for 
special applica- 
tions. 


Frequency Range: HS-l00--3.5 
MHz 
to 30 MHz 


HS-200--225 
KHz 
to 3.5 MHz 


HS-500--25 
MHz 
to 60 MHz 


Hermetically 
Sealed 
Package 
Mass spectrometer leak rate max. 


I X 10-8 
atmos. cc/sec. of helium 


INPUT 


H5-100 
H5-200 
HS-500 


3.5 MHz-20 
MHz 
20 + MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


Supply Voltage 
(Vcc) 
5V ±10% 
5V ±10% 
5V ± 10% 
5V ±10% 
Supply Current 
(Icel max. 
30mA 
40mA 
85mA 
50mA 


OUTPUT 


HS-100 
H5-200 
HS-500 


3.5 MHz-20 
MHz 
20+ 
MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


VOH (Logic "1") 
+2AV 
min.1 
+2.7Vmin.2 
+2AV 
min.1 
+2.7V 
min.2 


VOL (Logic "0") 
+0.4Vmax.3 
+0.5V 
max.4 
+OAV 
max.3 
+0.5V 
max.4 
Symmetry 
60/40%5 
60/40%5 
55/45%5 
60/40%5 
TR. TF (Rise & 
Fall Time) 
< 10 ns6 
< 5ns6 
< 15 ns6 
< 5 ns6 
Output Short 
Circuit Current 
18mAmin. 
40 mA min. 
18 mA min. 
40 mAmin. 


Output 
Load 
1 to 10 TTL Loads7 
1 to 10 TTL Loads8 
1 to 10 TTL Loads7 
1 to 10 TTL Loads8 


CONDITIONS 
110source = - 400 J1-A max. 
410 sink = 20.00 mA max. 
71.6 mA per load 
210source = -1.0 
mA max. 
5Vo = 1AV 
82.0 mA per load 
310sink = 16.0 mA max. 
6(0.4V to 2AV) 


"Reprinted 
with the permission 
of ©Midland-Ross 
Corporation 
1982. 
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Prepackaged oscillators are available from most crystal 
manufacturers, and have the advantage that the system 
designer can treat the oscillator as a black box whose 
performance is guaranteed by people who carry many 
years of experience in designing and building oscilla- 
tors. Figure 10 shows a typical data sheet for some 
prepackaged oscillators. Oscillators are also available 
with complementary outputs. 


If the oscillator is to drive the microcontroller directly, 
one will want to make a careful comparison between 
the external drive requirements in the microcontroller 
data sheet and the oscillator's output logic levels and 
test conditions. 


If oscillator stability is less critical than cost, the user 
may prefer to go with an in-house design. Not without 
some precautions, however. 


It's easy to design oscillators that work. Almost all of 
them do work, even if the designer isn't too clear on 
why. The key point here is that almost 
all of them 


work. The problems begin when the system goes into 
production, 
and marginal units commence malfunc- 


tioning in the field. Most digital designers, after all, are 
not very adept at designing oscillators for production. 


Oscillator design is somewhat of a black art, with the 
quality of the finished product being very dependent on 
the designer's experience and intuition. For that reason 
the most important consideration in any design is to 
have an adequate preproduction test program. Prepro- 
duction tests are discussed later in this Application 
Note. Here we will discuss some of the design options 
and take a look at some commonly used configurations. 


Gate Oscillators 
versus Discrete 


Devices 


Digital systems designers are understandably reluctant 
to get involved with discrete devices and their peculiari- 
ties (biasing techniques, etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer is used to seeing for that 
amount of functionality. Nevertheless, if there are un- 
usual requirements on the accuracy and stability of the 
clock frequency, it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application and perfected to a level that would be diffi- 
cult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor connecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region be- 
tween logical high and low, so that at least for start-up 
purposes the inverter is a linear amplifier. 


The feedback resistance has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing the DC input voltage to get too far 
above the DC output voltage. For biasing purposes, the 
feedback resistance should not exceed a few k-ohms. 
But shunting the crystal with such a low resistance does 
not encourage start-up. 


1.011'1 


Consequently, the configuration in Figure IlA might 
be suggested. By breaking Rf into two parts and AC- 
grounding the midpoint, one achieves the DC feedback 
required to hold the inverter in its active region, but 
without the negative signal feedback that is in effect 
telling the circuit not to oscillate. However, this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations are also possible. 


A CMOS inverter, such as the 74HC04, might work 
better in this application, since a larger Rf can be used 
to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes the oscillator. For that reason a re- 
sistor Rx is often added to the feedback network, as 
shown in Figures IIA and B. At higher frequencies a 
20 or 30 pF capacitor is sometimes used in the Rx posi- 
tion, to compensate for some of the internal propaga- 
tion delay. 


Reference I contains an excellent discussion of gate os- 
cillators, and a number of design examples. 
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It's easier to design an oscillator circuit to operate in 
the resonator's fundamental response mode than to de- 
sign one for overtone operation. A quartz crystal whose 
fundamental response mode covers the desired frequen- 
cy can be obtained up to some 30 MHz. For frequencies 
above that, the crystal might be used in an overtone 
mode. 


Several problems arise in the design of an overtone os- 
cillator. One is to stop the circuit from oscillating in the 
fundamental mode, which is what it would really rather 
do, for a number of reasons, involving both the amplify- 
ing device and the crystal. An additional problem with 
overtone operation is an increased tendency to spurious 
oscillations. That is because the Rl of various spurious 
modes is likely to be about the same as R 1 of the in- 
tended overtone response. It may be necessary, as sug- 
gested in Reference 1, to specify a "spurious-to-main- 
response" resistance ratio to avoid the possibility of 
trouble. 


Overtone oscillators are not to be taken lightly. One 
would be well advised to consult with an engineer who 
is knowledgeable in the subject during the design phase 
of such a circuit. 


Series resonant oscillators use noninverting amplifiers. 
To make a noninverting amplifier out of logic gates 
requires that two inverters be used, as shown in Figure 
12. 


This type of circuit tends to be inaccurate and unstable 
in frequency over variations in temperature and Vcc. It 
has a tendency to oscillate at overtones, and to oscillate 
through 
Co of the crystal or some stray capacitance 


rather than as controlled by the mechanical resonance 
of the crystal. 


The demon in series resonant oscillators is the phase 
shift in the amplifier. The series resonant oscillator 
wants more than just a "noninverting" 
amplifier-it 


wants a zero phase-shift 
amplifier. Multistage nonin- 


verting amplifiers tend to have a considerably lagging 
phase shift, such that the crystal reactance must be ca- 
pacitive in order to bring the total phase shift around 
the feedback loop back up to O. In this mode, a "12 
MHz" crystal may be running at 8 or 9 MHz. One can 
put a capacitor in series with the crystal to relieve the 
crystal of having to produce all of the required phase 
shift, and bring the oscillation frequency closer to fs. 
However, to further complicate the situation, the am- 
plifier's phase shift is strongly dependent on frequency, 
temperature, VCC, and device sample. 


Positive reactance oscillators ("parallel resonant") use 
inverting amplifiers. A single logic inverter can be used 
for the amplifier, as in Figure II. The amplifier's phase 
shift is less critical, compared to a series resonant cir- 
cuit, and since only one inverter is involved there's less 
phase error anyway. The oscillation frequency is effec- 
tively bounded by the resonant and antiresonant 
fre- 


quencies of the crystal itself. In addition, the feedback 
network includes capacitors that parallel the input and 
output terminals of the amplifier, thus reducing the ef- 
fect of unpredictable capacitances at these points. 


MORE ABOUT 
USING THE "ON-CHIP" 


OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected microcontrollers 
in some detail, and discuss 


criteria for selecting components to work with them. 
Future data sheets will supplement this discussion with 
updates and information pertinent to the use of each 
chip's oscillator circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. The circuit is inherently nonlin- 
ear, and the normal analysis parameters vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, distributed delays, 
input protection devices, parasitic junctions, and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very 


precise. They can be useful, however, if they will at 
least indicate the effects of variations in the circuit pa- 
rameters on start-up time, oscillation frequency, and 
9 


steady-state amplitude. Start-up time, for example, can 
be taken as an indication of start-up reliability. If pre- 
production tests indicate a possible start-up problem, a 
relatively inexperienced designer can at least be made 
aware of what parameter may be causing the marginali- 
ty, and what direction to go in to fix it. 


inter 
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Figure 13. Oscillator Circuit Model Used 
in Start-Up Calculations 


The analysis used here is mathematically straightfor- 
ward but algebraically intractable. That means it's rela- 
tively easy to understand and program into a computer, 
but it will not yield a neat formula that gives, say. 
steady-state amplitude as a function of this or that list 
of parameters. A listing of a BASIC program that im- 
plements the analysis will be found in Appendix II. 


When the circuit is first powered up. and before the 
oscillations have commenced (and if the oscillationsfail 
to commence). the oscillator can be treated as a small 
signal linear amplifier with feedback. In that case. stan- 
dard small-signal analysis techniques can be used to 
determine start-up characteristics. 
The circuit model 
used in this analysis is shown in Figure 13. 


The circuit approximates that there are no high-fre- 
quency effects within the amplifier itslef. such that. its 
high-frequency behavior is dominated by the load Im- 
pedance ZL. This is a reasonable approximation for sin- 
gle-stage amplifiers of the type used in 805I-type devic- 
es. Then the gain of the amplifier as a function of fre- 
quency is 


4.107 
4._ 
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Figure 14. Loop Gain versus Frequency 
(4.608 MHz Crystal) 


Zj 
{3=-- 
Zj + Zf 


The impedances ZL. Zr. and Zj are defined in Figure 
13B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 8051-type parameters and a 4.60~ MHz 
crystal) varies with frequency. The frequency ofmterest 
is the one for which the phase of the loop gain is zero. 
The accepted criterion for start-up is that the magni- 
tude of the loop gain must exceed unity at this frequen- 
cy. This is the frequency at which the circuit is in reso- 
nance. It corresponds very closely with the antiresonant 
frequency of the motional arm of the crystal in parallel 
with CL. 


Figure 15 shows the way the loop gain varies with fre- 
quency when the parameters of a 3.58 MHz cera.mic 
resonator are used in place of a crystal (the amplifier 
parameters being typical 8051, as in Figure 14). Note 
the different frequency scales. 


inter 


3.55 
3.57 
j-+2okHz+j 


Figure 15. Loop Gain versus Frequency 
(3.58 MHz Ceramic) 


It is common, 
in studies 
of feedback 
systems, 
to exam- 
ine the behavior 
of the closed loop gain as a function 
of 


complex 
frequency 
s = u + jw; specifically, 
to deter- 
mine 
the location 
of its poles in the complex 
plane. 
A 
pole is a point 
on the complex 
plane 
where 
the 
gain 
function 
goes to infinity. 
Knowledge 
of its location 
can 
be used 
to predict 
the 
response 
of the 
system 
to an 
input 
disturbance. 


The way that the response 
function 
depends 
on the lo- 
cation 
of the poles is shown 
in Figure 
16. Poles in the 


left-half 
plane 
cause the response 
function 
to take 
the 
form ofa 
damped 
sinusoid. 
Poles in the right-half 
plane 
cause the response 
function 
to take the form of an expo- 
nentially 
growing 
sinusoid. 
In general, 


where 
a is the real part 
of the pole frequency. 
Thus 
if 
the pole is in the right-half 
plane, 
a is positive 
and the 
sinusoid 
grows. 
If the pole is in the left-half 
plane, 
a is 
negative 
and the sinusoid 
is damped. 


The 
same 
type 
of analysis 
can 
usefully 
be applied 
to 
oscillators. 
In this case, however, 
rather 
than 
trying 
to 
ensure 
tha,t 
the 
poles 
are 
in the 
left-half 
plane, 
we 
would seek to ensure that they're 
in the right-half 
plane. 


An 
exponentially 
growing 
sinusoid 
is exactly 
what 
is 
wanted 
from 
an oscillator 
that 
has just 
been 
powered 
up. 
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Figure 16. Do You Know Where 
Your 
Poles Are Tonight? 


The 
gain 
function 
of interest 
in oscillators 
is 1/( 1 - 
/3A). Its poles are at the complex 
frequencies 
where /3A 
= !LO·, because 
that value of /3A causes the gain func- 
tion to go to infinity. 
The oscillator 
will start 
up if the 
real part of the pole frequency 
is positive. 
More 
impor- 


tantly, 
the rate at which it starts 
up is indicated 
by how 
much 
greater 
than 0 the real part of the pole frequency 
is. 


The circuit 
in Figure 
13B can be used to find the pole 
frequencies 
of the 
oscillator 
gain 
function. 
All 
that 


needs to be done is evaluate 
the impedances 
at complex 
frequencies 
u + jw rather 
than just at w, and find the 
value of u + jw for which /3A = !LO·. The larger that 
value of u is, the faster 
the oscillator 
will start 
up. 


Of course, 
other 
things 
besides 
pole frequencies, 
things 


like the VCC rise time, are at work in determining 
the 
start-up 
time. 
But to the extend 
that 
the pole frequen- 


cies do affect 
start-up 
time, 
we can obtain 
results 
like 
those in Figures 
17 and 
18. 


To obtain 
these figures 
the pole frequencies 
were com- 
puted 
for 
various 
values 
of 
capacitance 
Cx 
from 
XTALl 
and XTAL2 
to ground 
(thus 
CXl = CX2 = . 


Cx). Then a "time 
constant" 
for start-up 
was calculat- 
1 
ed as Ts = - 
where u is the real part 
of the pole fre- 
u 
quency 
(rad/sec), 
and this time constant 
is plotted 
ver- 


sus Cx. 
• 
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Figure 17. Oscillator Start-Up (4.608 MHz Crystal 
from Standard Crystal Corp.) 


A short time constant means faster start-up. A long 
time constant means slow start-up. Observations of ac- 
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz crystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is critical. 


As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with CXt and CX2 being too 
small or too large for a given resonator. If the parame- 
ters of the resonator are known, curves such as in Fig- 
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors. 


As the oscillations grow in amplitude, they reach a lev- 
el at which they undergo severe clipping within the am- 
plifier, in effect reducing the amplifier gain. As the am- 
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 18.Oscillator Start-Up (3.58 MHz Ceramic 
Resonator from NTK Technical Ceramics) 
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Figure 19. Calculated and Experimental Steady- 
State Amplitudes vs. Bulk Capacitance from 
XTAL 1 and XTAL2 to Ground 


Steady-state analysis is greatly complicated by the fact 
that we are dealing with large signals and nonlinear 
circuit response. The circuit parameters vary with in- 
stantaneous voltage, and a number of clamping and 
clipping mechanisms come into play. Analyses that 
take all these things into account are too complicated to 
be of general use, and analyses that don't take them 
into account are too inaccurate to justify the effort. 


There is a steady-state analysis in Appendix B that 
takes some of the complications into account and ig- 
nores others. Figure 19 shows the way the steady-state 
amplitudes thus calculated (using typical 8051 parame- 
ters and a 4.608 MHz crystal) vary with equal bulk 
capacitance 
placed 
from 
XTALl 
and 
XTAL2 
to 
ground. Experimental results are shown for compari- 
son. 


The waveform at XTALl is a fairly clean sinusoid. Its 
negative peak is normally somewhat below zero, at a 
level which is determined mainly by the input protec- 
tion circuitry at XTALI. 


The input protection circuitry consists of an ohmic re- 
sistor and an enhancement-mode 
FET with the gate 


and source connected to ground (VSS), as shown in 
Figure 20 for the 8051, and in Figure 21 for the 8048. 
Its function is to limit the positive voltage at the gate of 
the input FET to the avalanche voltage of the drain 
junction. If the input pin is driven below YSS, the drain 
and source of the protection FET interchange roles, so 
its gate is connected to what is now the drain. In this 
condition the device resembles a diode with the anode 
connected to YSS. 


There is a parasitic pn junction between the ohmic re- 
sistor and the substrate. In the ROM parts (8015,8048, 
etc.) the substrate is held at approximately - 3Y by the ( 
on-chip back-bias generator. 
In the EPROM 
parts 
(8751, 8748, etc.) the substrate is connected to YSS. 


The effect of the input protection circuitry on the oscil- 
lator is that if the XTALl signal goes negative, its nega- 
tive peak is clamped to - YDS of the protection FET in 
the ROM parts, and to about -0.5Y 
in the EPROM 
parts. These negative voltages on XTALI 
are in this 
application self-limiting and nondestructive. 


The clamping action does, however, raise the DC level 
at XTALl, 
which in turn tends to reduce the positive 
peak at XTAL2. The waveform at XTAL2 resembles a 
sinusoid riding on a DC level, and whose negative 
peaks are clipped off at zero. 


Since it's normally the XTAL2 signal that drives the 
internal clocking circuitry, the question naturally arises 
as to how large this signal must be to reliably do its job. 
In fact, the XTAL2 signal doesn't have to meet the 
same YIH and YIL specifications that an external driv- 
er would have to. That's because as long as the oscilla- 
tor is working, the on-chip amplifier is driving itself 
through its own O-to-l transition region, which is very 
nearly the same as the O-to-l transition region in the 
internal butTer that follows the oscillator. If some pro- 
cessing variations move the transition level higher or 
lower, the on-chip amplifier tends to compensate for it 
by the fact that its own transition level is correspond- 
ingly higher or lower. (In the 8096, it's the XTALl 
signal that drives the internal clocking circuitry, but the 
same concept applies.) 


The main concern about the XTAL2 signal amplitude 
is an indication of the general health of the oscillator. 
An amplitude of less than about 2.5Y peak-to-peak in- 
dicates that start-up problems could develop in some • 
units (with low gain) with some crystals (with high RI)' 
I 
The remedy is to either adjust the values of CXI,and/or 
CX2 or use a crystal with a lower R I. 


The amplitudes at XTALl and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTALI 
and XTAL2 to ground. Increasing the XTAL2 capaci- 
tance, for example, decreases the amplitude at XTAL2 
and increases the amplitude at XTALl by about the 
same amount. Decreasing both caps increases both am- 
plitudes. 


intJ 


Internal pin-to-ground and pin-to-pin capacitances at 
XTALl and XTAL2 will have some effect on the oscil- 
lator. These capacitances are normally taken to be ill 
the range of 5 to 10 pF, but they are extremely difficult 
to evaluate. Any measurement of one such capacitance 
will necessarily include effects from the others. One ad- 
vantage of the positive reactance oscillator is that the 
pin-to-ground capacitances are paralleled by external 
bulk capacitors, so a precise determination of their val- 
ue is unnecessary. We would suggest that there is little 
justification for more precision than to assign them a 
value of 7 pF 
(XTAL1-to-ground 
and XTALl-to- 
XTAL2). This value is probably not in error by more 
than 3 or 4 pF. 


The XTAL2-to-ground capacitance is not entirely "pin 
capacitance," but more like an "equivalent output ca- 
pacitance" of some 25 to 30 pF, having to include the 
effect of internal phase delays. This value will vary to 
some extent with temperature, processing, and frequen- 
cy. 


The on-chip amplifier on the HMOS MCS-51 family is 
shown in Figure 20. The drain load and feedback "re- 
sistors" are seen to be field-effect transistors. The drain 
load FET, RD, is typically equivalent to about 1K to 3 
K-ohms. As an amplifier, the low frequency voltage 
gain is normally between - 10 and - 20, and the out- 
put resistance is effectively RD. 


The 80151 oscillator is normally used with equal bulk 
capacitors placed externally from XTAL1 to ground 
and from XTAL2 to ground. To determine a reason- 
able value of capacitance to use in these positions, given 
a crystal of ceramic resonator of known parameters, 
one can use the BASIC analysis in Appendix II to gen- 
erate curves such as in Figures 17 and 18. This proce- 
dure will define a range of values that will minimize 
start-up time. We don't suggest that smaller values be 


used than those which minimize start-up time. Larger 
values than those can be used in applications where 
increased frequency stability is desired, at some sacri- 
fice in start-up time. 


Standard Crystal Corp. (Reference 8) studied the use of 
their crystals with the MCS-51 family using skew sam- 
ple supplied by Intel. They suggest putting 30 pF ca- 
pacitors from XTALl and XTAL2 to ground, if the 
crystal is specified as described in Reference 8. They 
noted that in that configuration and with crystals thus 
specified, the frequency accuracy was ±0.0 1% and the 
frequency stability was ± 0.005%, and that a frequency 
accuracy of ± 0.005% could be obtained by substitut- 
ing a 25 pF fixed cap in parallel with a 5-20 pF trim- 
mer for one of the 30 pF caps. 


MCS-51 skew samples have also been supplied to a 
number of ceramic resonator manufacturers for charac- 
terization with their products. These companies should 
be contacted for application information on their prod- 
ucts. In general, however, ceramics tend to want some- 
what larger values for CXl and CX2 than quartz crys- 
tals do. As shown in Figure 18, they start up a lot faster 
that way. 


In some application the actual frequency tolerance re- 
quired is only 1% or so, the user being concerned main- 
ly that the circuit will oscillate. In that case, Cx 1 and 
CX2 can be selected rather freely in the range of 20 to 
80 pF. 


As you can see, "best" values for these components and 
their tolerances are strongly dependent on the applica- 
tion and its requirements. In any case, their suitability 
should be verified by environmental testing before the 
design is submitted to production. 


The NMOS and HMOS MCS-48 oscillator is shown in 
Figure 21. It differs from the 8051 in that its inverting 
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amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALI pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a resistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscillates in a relaxation mode as follows. 


If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor voltage reaches the upper 
trigger 
point 
(UTP), 
the 
Schmitt 
Trigger 
output 
switches to a logic low and the capacitor commences 
discharging through the same resistor. When the capac- 
itor voltage reaches the lower trigger point (LTP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The oscillation frequency is 
determined by the RC time constant and the hysteresis 
voltage, UTp·LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca· 
pacitor from XTALI 
to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mode. Do it at your own 
risk! This mode of operation is not tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to complete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 


more slowly, but it eventually takes over and dominates 
the operation of the cirucit. This is shown in Figure 
23A. 


Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic- 
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if Cx) is larger than about 50 
pF. Therefore, Cx) should be chosen with some care, 
particularly if the system must operate at lower temper- 
atures. 


One method that has proven effective in all units to 
-40°C 
is to put 5 pF from XTALl to ground and 20 
pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALl (8 or 9 
volts peak-to-peak). 


The question arises as to whether that level of signal at 
XTLAI 
might damage the chip. Not to worry. The 
negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di- 
ode clamp at XTALl to VCC. 


In reality, Cx) doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -4O"C. For less severe temperature 
requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem- 
perature limit. 


Additional security against relaxation oscillations can 
be obtained by putting a 1M-ohm (or larger) resistor 
from XTALl to VCC. Pulling up the XTALl pin this 
way seems to discourage relaxation oscillations as effec- 
tively as any other method (Figure 23B). 


Another thing that discourages relaxation oscillations is 
low VCC. The resonator mode, on the other hand is • 
much less sensitive to VCC. Thus if VCC comes up 
I 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an inverter without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 


rteg1'l:es);"byan amount mat aepenas on me Signal am- 
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac- 
tances in the circuit, but the phase shift due to the hys- 
teresis is still present. Since the total phase shift in the 
oscillator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscillations build up, the fre- 
quency has to change to allow the reactances to com- 
pensate for the hysteresis. In normal operation, this ad- 
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi- 
ble. 


230659-34 
A) When VCC Comea Up Faat, Relaxation Oaclllationa 
Start First. But Then the Cryatal Takea Over. 


230659-35 
B) Weak Pullup (1 MO or More) on XTAL 1 
Dlacouragea Relaxation Mode. 


230659-36 
C) No Relaxation OaclllaUona When VCC Comea Up 
More Slowly. 


me use 01 some 01 their resonators (at b.U MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu- 
sion as to the value of capacitance to use at XTAL 1 and 
XTAL2 was that 33 pF is appropriate at all three fre- 
quencies. One should probably follow the manufactur- 
er's recommendations 
in this matter, since they will 
guarantee operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not all users have found the recommendations 
to be without occasional problems. If you run into diffi- 


Figure 23. Relaxation Oscillations In the 8048 
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culties using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
It is to their interest, and ours, that such problems be 
resolved. 


II 
VI: 
III 
--'------ 
I 
LTP 
I 
I 
I 
"l_1 


230659-41 
B) Inverter With Hysteresis: Output Lesds 
Input by Less than 180'. 


Figure 24. Amplitude-Dependent 
Phase 
Shift in Schmitt Trigger 


An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi- 
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in parts that 
may already be near their tolerance limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera- 
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature 
values at 
- 20"C and + 6O"C).The problem here isn't just one of 
frequency stability, but also involves start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator circuit to be tested independently of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 


SOURCE 


ORG 0000 
H 


JIIP 
START 


ORG OOOB H 


CPL 
Tl 


RETI 


ORG OOOlBH 


CPL 
PLl 


DJNZ 
P2,$ 


CPL 
PLO 


RETI 


START: 
MOV 


MOV 


MOV 


;TIIlER 
1 
INTERRUPT: 


TOGGLE 
CRO 
TRIGGER 


DELAY 


TOGGLE 
VCC 
CONTROL 


TH1, 
#OFAH 
;TIIlER 
1 
RELOAD 
VALUE 


TL1,#OFAH 
;START 
TLl 
AT 
RELOAD 
VALUE 


TMOD,#61H 
;TIIlER 
1 
TO 
COUNTER, 
AUTO 


;RELOAD 


;TIIlER 
0 
TO 
TIllER, 
16-BIT 


MOV 
IE, 
# BAH 
;ENABLE 
TIllER 
INTERRUPTS 


;ONLY 


MOV 
TCON,#50H 
;TURR 
ON BOTH 
TIllERS 


JIIP 
$ 
;IDLE 


Pl.0 or Pl.l 
TO 
OSClUOSCOPE 
TRIGGER 


230659-42 
B) Oscillator Test Circuit (Shown lor 8051 Test) 


Figure 25. Oscillator Test Circuit and Software 


inter 


was used to obtain the oscillator start-up photographs 
in this Application Note. This circuit or a modified 
version of it would make a convenient test vehicle. The 
oscillator and its relevant components can be physically 
separated from the control circuitry, and placed in a 
temperature chamber. 


Start-up should be observed under a variety of condi- 
tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to 
start up even when VCC is below its spec value for the 
rest of the chip. (The rest of the chip may not function, 
but the oscillator should work.) It should also be veri- 
fied that start-up occurs when the resonator has more 
than its upper tolerance limit of series resistance. (put 
some resistance in series with the resonator for this 
test.) The bulk capacitors from XTALI and XTAL2 to 
ground should also be varied to their tolerance limits. 


The same circuit, with appropriate changes in the soft- 
ware to lengthen the "on" time, can be used to test the 
steady-state characteristics of the oscillator, specifically 
the frequency, frequency stability, and amplitudes at 
XTALI and XTAL2. 


As previously noted, the voltage swings at these pins 
are not critical, but they should be checked at the sys- 
tem's temperature limits to ensure that they are in good 
health. 
Observing these signals necessarily changes 
them somewhat. Observing the signal at XTAL2 re- 
quires that the capacitor at that pin be reduced to ac- 
count for the oscilloscope probe capacitance. Observing 
the signal at XTALI requires the same consideration, 
plus a blocking capacitor (switch the oscilloscope input 
to AC), so as to not disturb the DC level at that pin. 
Alternatively, a MOSFET buffer such as the one shown 
in Figure 26 can be used. It should be verified by direct 
measurement that the ground clip on the scope probe is 
ohmica1ly connected to the scope chassis (probes are 
incredibly fragile in this respect), and the observations 
should be made with the ground clip on the VSS pin, or 
very close to it. If the probe shield isn't operational and 
in use, the observations are worthless. 


+12V 


MFE3005 
XTALl 


0< 
b 
XTAL2 
, 
I 
c:::::: 


GATE 
PROTECTION 


Figure 26. MOSFET Buffer for Observing 
Oscillator Signals 


Frequency checks should be made with only the oscilla- 
tor circuitry connected to XTALl 
and XTAL2. The 
ALE frequency can be counted, and the oscillator fre- 
quency derived from that. In systems where the fre- 
quency tolerance is only "nominal," 
the frequency 
should still be checked to ascertain that the oscillator 
isn't running in a spurious resonance or relaxation 
mode. Switching VCC off and on again repeatedly will 
help reveal a tendency to go into unwanted modes of 
oscillation. 


The operation of the oscillator should then be verified 
under actual system running conditions. By this stage 
one will be able to have some confidence that the basic 
selection of components for the oscillator itself is suit- 
able, so if the oscillator appears to malfunction in the 
system the fault is not in the selection of these compo- 
nents. 


The first thing to consider in case of difficulty is that 
between the test jig and the actual application there 
may be significant differences in stray capacitances, 
particularly if the actual application is on a multi-layer 
board. 


Noise glitches, that aren't present in the test jig but are 
in the application board, are.another possibility. Capac- 
itive coupling between the oscillator circuitry and other 
signal has already been mentioned as a source of mis- 
counts in the internal clocking circuitry. Inductive cou- 
pling is also possible, if there are strong currents near- 
by. These problems are a function of the PCB layout. 


Surrounding 
the oscillator components with "quiet" 
traces (VCC and ground, for example) will alleviate ca- 
pacitive coupling to signals that have fast transition 
times. To minimize inductive coupling, the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. These are the loops that should 
be checked: 


XTALI through the resonator to XTAL2; 
XTALI through CX! to the VSS pin; 
XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded ends of CX! 
and CX2 eventually connect up to the VSS pin only 
after looping around the farthest ends of the board. Not 
good. 


Finally, it should not be overlooked that software prob- 
lems sometimes imitate the symptoms of a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX 
A 
QUARTZ AND CERAMIC 
RESONATOR 
FORMULAS 


Based on the equivalent circuit of the crystal, the im- 
pedance of the crystal is 


Z 
_ 
(R1 + jWLl + 1/jwC1l 
(1/jwCol 


XTAL - 
Rl + jWLl + 1/jwCl + 1/jwCo 


After some algebraic manipulation, this calculation can 
be written in the form 


1 
1 - 
w2L1Cl 
+ jwR1C1 
ZXTAL = ----.-------- 
jW(Cl + Co) 
1 - 
w2L1Cr + jwR1Cr 


Cr 
= 
C1Co 
C1 + Co 


The impedance of the crystal in parallel with an exter- 
nal load capacitance CL is the same expression, but 
with Co + CL substituted for Co: 


Z 
II 
1 
1 - 
w2L1Cl 
+ jwR1Cl 
XTAL CL = jW(Cl + Co + Cu· 
1 - 
w2L1C'r 
+ jwR1C'r 


where C'T is the capacitance of Cl in series with (Co + 
CL): 


The impedance of the crystal in series with the load 
capacitance is 


1 
ZXTAL + CL = ZXTAL + -.- 
IwCL 


CL + Cl + Co 
1 - 
w2L1C'r 
+ jwR1C'r 


= jwCdCl 
+ Co)· 
1 - 
w2L1Cr + jwR1Cr 


The phase angles of these impedances are readily ob- 
tained from the impedance expressions themselves: 


WR1Cl 
8XTAL = arctan 
2 
1 - 
w L1Cl 


_ arctan 
WRl Cr 
1 - 
w2L1Cr 


WR1Cl 
8XTALllcL = arctan 
2 
C 
1 - 
w Ll 
1 


wR1 C'r 
1T 


- arctan 1 - 
w2L1C'r 
2 


WR1C'r 
8XTAL + CL = arctan 
2 
C' 
1 - 
w Ll 
r 


_ arctan 
WRl Cr 
1T 


1 - 
w2L1Cr 
2 


The resonant ("series resonant") frequency is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant ("parallel resonant") fre- 
quency is the frequency at which the phase angle is zero 
and the impedance is high. 


Each of the above 8-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zel'o gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par- 
allel resonant" frequency for that configuration. 


For example, the resonant frequency of the crystal is 
the frequency at which 


1 


Ws = ~L1Cl 


1 
f =--- 
s 
21T~L1Cl 


inter 


It will be noted that the series resonant frequency of the 
"XTAL+CL" 
configuration (crystal in series with CL) 
is the same as the parallel resonant frequency of the 
"XTALllcL" 
configuration 
(crystal in parallel with 
Cd. This is the frequency at which 


- 
w2L1C'T 
= 0 


1 
f =--- 
a 
27T~L1C'T 


This fact is used by crystal manufacturers in the pro- 
cess of calibrating a crystal to a specified load capaci- 
tance. 


By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 


fa - 
fs = fs(b + C1/Co 
- 
1 


fsC~o) 


Given typical values for CI and Co, this range can 
hardly exceed 0.5% offs. Unless the inverting amplifier 
in the positive reactance oscillator is doing something 
very strange indeed, the oscillation frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 


ESR is the real part of ZXTAL at the oscillation fre- 
quency. The oscillation frequency is the parallel reso- 
nant 
frequency 
of the 
"XTALllcL" 
configuration 
(which is the same as the series resonant frequency of 
the "XTAL + CL" configuration). Substituting this fre- 
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 


( 
Co + CL)2 
R1 
--- 
CL 


2C. 
(Co + CL)2 
1+w 
'~ 


The power dissipated by the crystal is I~Rl>where II is 
the RMS current in the motional arm of the crystal. 
This current is given by Yx/lz\I, where Yx is the RMS 
voltage across the crystal, and IZII is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional,arm 
is a positive (inductive) 
reactance in parallel resonance with (Co + Cd. There- 
fore IZII is approximately equal to the magnitude of the 
reactance of (Co + Cd: 


p = I~ R1 = (I~~IrR1 


= [27Tf (Co + CLl Vxl2 R1 


The 
waveform 
of 
the 
voltage 
across 
the 
crystal 
(XTALl to XTAL2) is approximately sinusoidal. If its 
peak value is YCC, then Yx is YCCI.fi. 
Therefore, 


APPENDIX 
B 
OSCILLATOR 
ANALYSIS 
PROGRAM 


The program 
is written 
in BASIC. 
BASIC 
is excruciat- 
ingly slow, but it has some advantages. 
For one thing, 
more 
people 
know 
BASIC 
than 
FORTRAN. 
In addi- 
tion, a BASIC 
program 
is easy to develop, 
modify, 
and 


"fiddle 
around" 
with. 
Another 
important 
advantage 
is 


that a BASIC 
program 
can run on practically 
any small 
computer 
system. 


Its slowness 
is a problem, 
however. 
For 
example, 
the 
routine 
which 
calculates 
the 
"start-up 
time 
constant" 
discussed 
in the 
text may 
take 
several 
hours 
to com- 
plete. A person 
who fmds this program 
useful may pre- 
fer to convert 
it to FORT AN, if the facilities 
are avail- 
able. 


The program 
was developed 
with specific 
reference 
to 
805 I-type 
oscillator 
circuitry. 
That 
means 
the on-chip 
amplifier 
is a simple 
inverter, 
and not a Schmitt 
Trig- 


ger. 
The 
8096, 
the 
8OC51, the 
80C48 
and 
80C49 
all 
have 
simple 
inverters. 
The 
8096 
oscillator 
is almost 


identical 
to the 8051, differing 
mainly 
in the input 
pro- 


tection 
circuitry. 
The 
CHMOS 
amplifiers 
have 
some- 
what 
different 
parameters 
(higher 
gain, 
for example), 


and different 
transition 
levels than 
the 8051. 


The MCS-48 
family 
is specifically 
included 
in the pro- 
gram 
only 
to the 
extent 
that 
the 
input-output 
curve 
used 
in the 
steady-state 
analysis 
is that 
of a Schmitt 
Trigger, 
if the user identifies 
the device under 
analysis 
as an MCS-48 
device. The analysis 
does not include 
the 
voltage 
dependent 
phase 
shift of the Schmitt 
Trigger. 


The clamping 
action 
of the input 
protection 
circuitry 
is 
important 
in determining 
the steady-state 
amplitudes. 


The steady-state 
routine 
accounts 
for it by setting 
the 
negative 
peak 
of the 
XT ALl 
signal 
at a level which 
depends 
on the amplitude 
of the XT ALl 
signal in ac- 
cordance 
with experimental 
observations. 
It's 
an exer- 
cise in curve-fitting. 
A user may fmd a different 
type of 
curve 
works 
better. 
Later 
steppings 
of the chips 
may 
behave 
differently 
in this respect, 
having 
somewhat 
dif- 
ferent 
types of input 
protection 
circuitry. 


It should 
be noted that the analysis 
ignores 
a number 
of 


important 
items, 
such 
as high-frequency 
effects in the 


on-chip 
circuitry. 
These 
effects are difficult 
to predict, 


and are no doubt dependent 
on temperature, 
frequency, 


and device sample. 
However, 
they can be simulated 
to a 


reasonable 
degree by adding 
an "output 
capacitance" 
of 


about 
20 pF to the circuit 
model 
(i.e., in parallel 
with 


CX2) as described 
below. 


The program 
asks the user to input 
values 
for various 


circuit 
parameters. 
First 
the crystal 
(or ceramic 
resona- 


tor) 
parameters 
are asked 
for. These 
are Rl, 
Ll, 
Cl, 


and CO. The manufacturer 
can supply 
these values 
for 


selected 
samples. 
To obtain 
any kind of correlation 
be- 


tween 
calculation 
and experiment, 
the values 
of these 


parameters 
must 
be known 
for the specific 
sample 
in 


the test circuit. 
The value that should 
be entered 
for CO 


is the CO of the crystal 
itself plus an estimated 
7 pF to 


account 
for 
the 
XTALl-to-XTAL2 
pin 
capacitance, 


plus any other 
stray capacitance 
paralleling 
the crystal 


that the user may feel is significant 
enough 
to be includ- 


ed. 


Then the program 
asks for the values of the XTALl-to- 
ground 
and 
XT AL2-to-ground 
capacitances. 
For 


CXTALl, 
enter 
the value 
of the externally 
connected 


bulk 
capacitor 
plus an estimated 
7 pF for pin capaci- 


tance. 
For CXTAL2, 
enter 
the value of the externally 


connected 
bulk capacitor 
plus an estimated 
7 pF for pin 


capacitance 
plus about 
20 pF to simulate 
high-frequen- 


cy roll-off 
and phase 
shifts in the on-chip 
circuitry. 


Next 
the program 
asks for values 
for the small-signal 


parameters 
of the on-chip 
amplifier. 
Typically, 
for the 


8051/8751, 


Amplifier 
Gain 
Magnitude 
Feedback 
Resistance 
Output 
Resistance 


15 
2300 Kfi 
2Kfi 


The same values can be used for MCS-48 
(NMOS 
and 


HMOS) 
devices, but they are difficult 
to verify, because 


the Schmitt 
Trigger 
does not lend itself to small-signal 


measurements. 


100 DEFDBL 
C.D.F.Q.L.P.R.S.X 
200 
REM 
300 
REM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
400 
REM 
500 REM 
600 
REM 
700 REM 
BOO REM 
FNZM(R. XI z MAGNITUDE 
OF A COMPLEX 
NUMBER. 
:R+ JX: 


900 
DEF FNZM(R.XI 
z SORlR"2+X"2) 


1000 REI1 
1100 REM FNZP(R.X) 
1200 
REM 


1300 REM 
1400 REM 
1500 DEF FNZP(R.X) 
1600 REM 
1700 REM 
IBOO REM 
1900 REM 
2000 
DEF 


2100 
DEF 
2200 
REM 
2300 
REM 
2400 
REM 
2500 
REM 
2600 
REM 
2700 
DEF 


2BOO 
DEF 
2900 
REM 


3000 
REM 


3100 
REM 


3200 
REM 
3300 
REM 


3400 
REM 
3500 
DEF 
3600 
DEF 
3700 
REM 
3BOO 
REM 
3900 
REM 
4000 
REM 
4100 
DEF 
4200 
DEF 
4300 
REM 
4400 
REM 
4500 
REM 
4600 
REM 
4700 
REM 
4BOO 
REM 
4900 
REM 
5000 REM 
5100 REM 
5200 REM 
5300 REM 
5400 REM 
5500 
DEF 


5600 DEF 
5700 REM 
SBOo REM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5900 REM 
6000 
REM 
6100 
REM 
6200 
LET 
PI 
z 
3. 141592654. 
6300 
REM 
6400 
REM 


6500 
COSUB 
14500 
6600 REM 
6700 
REM 
ESTABLISH 
NOl1INAL RESONANT 
AND ANTIRESONANT 
CRYSTAL 
FREQUENCIES 
6BOO 
FS 
z FIXll/(2*PI*SQR(LI*CI»)) 


6QOO 
FA 
c 
FIX(1/(2.PI.SaR(Ll.Cl.CO/(Cl.~O»)) 


7000 
PRINT 


7100 PRINT 
"XTAL 
IS SERIES 
RESONANT 
AT 
".FS." 
HZ" 


7200 
PRINT" 
PARALLEL 
RESONANT 
AT 
".FA." 
HZ" 
7300 
PRINT 


7400 
PRINT 
"SELECT 


7500 
PRINT 
7600 
PRINT 
7700 
PRINT 
" 
'BOO PRINT 
" 


ANGLE 
OF A COI1PLEX NUMBER 
IBO/PI*ARCTANlX/R) 
IF R)O 
IBO/PI*ARCTAN(X/R) 
+ 
180 
IF R(O AND 
X)O 
= 
IBO/PI*ARCTANlX/R) 
- 
180 
IF R<O AND 
X(O 
z 180/PI*ATN(X/R) 
- 
(SQN(R)-1)*SGN(X)*90 


INDUCTIVE 
IMPEDANCE 
AT COMPLEX 
FREOUENCY 
Z • 2*PI*S*L 
+ 
J2*Pl*F*L 
• FNRLlS.L) 
+ 
JFNXL(F.L) 
FNRL(SL.LL) 
z 2.*PI*SL*LL 
FNXL(FL.LL) 
• 2.*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
S+JF 
(HZ) 
Z = 
1/C2*PI*(S+JF>.CJ 
= S/C2.PI.(S~2+F~2).C]+ J(-F)/C2~PI.(S~2+F~2)C] 
= F~RC(S.F.C) 
+ 
JFNXC(S.F.C) 
FNRC (SC.FC. CC) 
z 
SCI 
(&!.*PI*<SC"·2+FC-.&!) 
*CC) 
FNXC (SC.FC. CC) 
• -FC I l2.*P I*<SC"·2+FC"2)*CC) 


RB"2+XB"2 
RB"2+XB·-·2 
= FNRR(RA.XA.RB. 
XB) + JFNXRlRA.XA.RB.XBI 
FNRR(RA.XA.RB. 
XB) = 
(RA*RB+XA*XB)/(RB"2+XB"2) 
FNXR(RA.XA.RB.XB) 
• 
(XA*RB-XB*RA)/(RB"2+XB"2) 


PRODUCT 
OF TWO COMPLEX 
NUMBERS 
(RA+JXA).(RB+JXB) 
RA*RB-XA*XB 
+ 
J(XA*RB+RA*XS) 
z FNRM(RA.XA.RB.XB) 
+ 
JFNXM(RA.XA.RB.XB) 
FNRM(RA.XA.RB.XB) 
z RA*RB 
- XA*XB 
FNXM(RA.XA.RB.XB) 
= RA*XB 
+ RB*XA 


• FNRP(RA.XA.RB.XB) 
+ 
JFNXPlRA.XA.RB.XB) 
FNRP(RA. XA.RB. XB) • 
(RA*(RB"2+XB'·2) + RB*(RA"2+XA"2) 
)/«RA+RB)"2 
+ 
FNXP(RA. XA.RB. XB) • 
(XA*<RB"·&!+XB'2)+ XB*(RA"·2+XA"2) l/( 
(RA+RB)"2 
+ 


LIST 
PAkAMETERS" 


CIRCUIT 
ANALYSIS" 


OSCILLATIOt~ FREQUENCY" 
3TART··UP TIME 
CONSTANT" 
STEADY-STATE 
ANALySIS" 
• 


7'100 PRINT 
8000 
INPUT 
N 
8100 
IF 
N-l 
THEN 
PRINT 
ELSE 
8600 
8200 
REM 
8300 
REM 
--------------------- 
LIST 
PARAMETERS 
.--------------------------- 
8400 
QOSUB 
17100 
8500 
QOTO 
6800 
8600 
IF 
N-2 
THEN 
PRINT 
ELSE 
'1400 
8700 
REM 
8BOO 
REM 
-----------.--------- 
CIRCUIT 
ANALYSIS 
--------------------------- 
8900 PRINT" 
FREQUENCY 
S"JF 
TYPE 
(5),cF> .. 


'1000 
INPUT 
SQ.FQ 
'1100 QOSUB 
20200 
'1200 QOSUB 
26600 
'1300 QOTO 
6800 
'1400 
IF 
N=3 
THEN 
10300 
ELSE 
11000 
'1500 REM 
9600 
REM 
------------------ 
OSCILLATION 
FREGUENCY 
------------------------ 
9700 CL • CX.CV/(CX+C~) + CO 
'1800 FQ 
- 
FIXI 1/12-PI*SQRILl*CI*CL/ICI>CI.l')' 
'1'100SQ 
- 
0 
10000 
DF 
- 
FIXIIO'·INTILOQIFA·FSlILOQ<IO'-2'+. 
5) 
10100 
DS 
- 
0 
10200 
RETURN 
10300 
QOSUB 
'1700 
10400 
QOSU8 
30300 
10500 
PRINT 
10600 
PRINT 
10700 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
HAS 
ZERO 
PHASE 
ANQLE. 
" 
10800 
QOSUB 
26600 
10'100 QOTO 
6800 
11000 
IF 
N-4 
THEN 
PRINT 
ELSE 
12200 
11100 
REM 
11200 
REM 
---------------- 
START-UP 
TIME 
CONSTANT 
----.-------------------- 
11300 
PRINT 
"THIS 
WILL 
TAI'.ESOME 
TIME 
11400 
QOSUB 
'1700 
11500 
QOSUB 
37700 
11600 
PRINT 
11700 
PRINT 
11800 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
= 
I AT 
0 
DEQREES 
" 
11'100 QOSUB 
26600 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
TIME 
CONSTANT 
OF 
",CSNQII000000!/12*P!+SQ));" 
MICROSECS" 
12100 
QOTO 
6800 
/ 
12200 
IF 
N-5 
THEN 
PRINT 
ELSE 
7300 
12300 
REM 
12400 
REM 
---------------- 
STEADY-STATE 
ANALYSIS 
-----------------------.--- 
12500 
PRINT 
"STEADY-STATE 
ANALYSIS" 


12600 
PRINT 
12700 
PRINT 
"SELECT: 


12800 
PRINT 
12'100 PR INT 
" 
13000 
PRINT" 
13100 
INPVT 
ICX 
13200 
IF 
ICX<I 
OR 
IC70>4 
THEN 
12600 
13300 
QOSUB 
46'100 
13400 
OOTO 
7300 
13500 
REM 
SUBROUTINE 
3ELOW 
DEFINES 
INPUT-OUTPUT 
CURVE 
OF 
OSCILLATOR 
CI'.T 
13600 
IF 
ICX>2 
AND 
VO=5 
AND 
VI<2 
THEN 
RETURN 
13700 
110 - 
-10_VI 
+ 
15 
13800 
IF 
VO>5 
THEN 
va 
= 
5 
13'100 
IF 
VO<.2 
THEN 
va 
- 
2 
14000 
IF 
ICX>2 
AND 
VO>2 
THEN 
VO 
= 
5 
14100 
RETURN 
14200 
REM 
14300 
REM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
14400 
REM 
14500 
REM 
14600 
REM 
14700 
INPUT" 
RI 
<OHMS''',RI 
14800 
INPUT 
..Ll 
IHENRY,", 
Ll 
14'100 
INPUT" 
Cl 
(PFl'" 
X 
15000 
el 
• 
X*lE-12 
15100 
INPUT" 
CO 
(PF,".x 
15200 
CO 
- 
X*IE-12 
15300 
INPUT" 
CXTALl 
IPFl", X 
15400 
CX 
• 
X*lE-12 
15500 
INPUT" 
CXTAL2 
IPF,", x 
15600 
CY 
• 
X*IE-12 


1. 
8031/8051" 
2. 
8751" 
3. 
80351803'1/8040/8048/804'1" 
4 
8748/874'1" 


inter 


1:5700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT" 
GAIN 
FACTOR 
MAGNITUDE", AV. 
INPUT" 
AMP FEEDBACK 
RESiSTANCE 
IK-OHMS)", X 
RX 
= 
X-l000. 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
IK-OHMSI",X 
RO = 
X-IOOO. 
REM 
REM 
REM 
GOSUB 
17100 
RETUI'N 
REr1 
REM 
REM 
•••••••••••• 
~••••• *••••••• 
4~* ••• ~ •••••••••••••••••••••• 
** ••••• 
REr1 
REf'i 
REM 
PRINT 
PRINT 
"CURRENT 
PAI'AMETER VALUES 
PRINT 
PRINT 
" 
PRINT 
" 


PRINT 
PRINT 
" 


PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"TO CHAN(;E A PARAMETER 
VALUE, 
TVPE 
IPAI'AM NO 
>. CNEW VALUE) 
" 
PRINT 
"OTHEIlWISE, TVPE 
0,0 
" 
INPUT N'l.,X 
IF N'l.=OTHEN 
IF N'l.xlTHEN 
IF N'l.x2THEN 
IF N'l.-3THEN 
IF N'l.=4THEN 
IF N'l.=5THEN 
IF N'l.x6THEN 
IF N'l.-7THEN 
IF N'l.-8THEN 
IF N'l.=9THEN 
GOTO 
17400 
REM 
REM 
REM 
•••••••••••• 
**.** •••••••••••••••••••• 
**•••• *** •• **•••••••••• 
*. 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
XI 
RE 
x 


XE 
= 
REM 
REM 
2. RF + JXF 
REM 
RF = FNRPIRX,O,I'E,XE) 
XF = FNXPCRX,O,RE,XEl 
REM 
REM 
3 
Input 
imped.nce 
Zl 
REM 
RI - FNRC<SG,FG,C~) 
XI = FNXC<SG,FG,C') 
REM 
REM 
4 
Lo.d 
imped.nce 
REM 
RL = FNRPIIRF+RI) 
'XF+XI),FNRCISG 
FO,CV),FNXCISO,FG,CV» 


XL 
= 
FNXP«RF+RI 
. (XF+XI).FNRC(SG,r-G.CY'.~NXC(SQ,FQ.CY» 
REM 
REM 
5 
Amplifier 
galn 
A 
~ 
-AV*ZL/lZL.RO) 


REM 
::: A,real) 
+ 
JAtlmaginaT'y) 


REM 
AR. 
-AV •• FNRR(PL, 
XL, 'RO+PL), 
~L) 


AI. 
= 
-AV •• FNl(P(RL. 
XL. (RO+RL)' 
YL; 


REM 
REM 
6 
Feedba~~ 
ratlO 
~~~tai 
REM 


RI 
",Rl," 
OHMS" 
2 
Ll 
",CSNGILl)," 
HENRV" 
3 
Cl 
",CSNGICI_IE+12)," 
PF" 
4 
CO 
",CSNGICO-IE+12l." 
PF" 


5 
CXTALl 
= 
",CSNG<CX*IE+12I," 
PF" 
6 
CXTAL2 
= ",CSNGICV-IE+12)," 
PF" 
AMPLIFIER 
GAIN 
MAGNITUDE 
",AV. 
FEEDBACK 
RESISTANCE 
= 
",CSNGIRX- 
0011," 
K-OHMS" 
OUTPUT 
RESISTANCE 
= 
",CSNGIRO_. 0011," 
K-OHMS" 


RETUI>N 
RI 
X 
L1 
= 
X 
CI = X-IE-12 
CO 
X*lE-12 
CX 
X-IE-12 
CV 
:II 
X*lE-12 
AV. 
= X 
RX 
X-l000' 
RQ 
= 
X-IOOO' 


FNXLCFG,LI) 
+ FNXC<SQ,FG,CI; 


FNRP< CR1+FNRL<SG, L1 ).FNRC<SG, FG, Cl», 
Xl,FNRC<SG, FG, CO). FNXCCSG. FG, CO» 
FNXPIIRI+FNRLISG,Ll)+FNRCCSO,FO,CI»,XI,FNRCCSO,FO.CO),FNXCISO,FO,CO» 


inter 


23:100 REM 
23600 
BR•• 
FNRR(RI.XI. <RI+RF). (XI+XF)' 


23700 
Ba 
= FNXR(RI. Xl. (RI+RF I. nl+XFl) 
23800 
REM 
23900 
REM 
7 
24000 
REM 
24100 
A - FNZM(AR ••AI.) 
24200 
AP 
• FNZP(AR ••AI.) 
24300 
REM 
24400 
REM 
8 
<beta' 
1n "'.gnltude/phas. 
for 
24500 
REM 
24600 
B - FNZM(BR.,81.) 
24700 
8P - FNZP(BR ••BI.) 
24800 
REM 
24900 
REM 
9 
Loop 
9.1" 
G 
= 
(BP+JDI}.(AR+J 
I> 
2'000 
REM 
:s 
G(r 
•• 
l) 
.• 
JCt 
l~ag In.r~) 
2:1100 REM 
2:1200 CR - FNRM(AR ••AI.,8R •.81.) 
2:1300 CI - FNXM(AR •.AI••BR••81.) 
2:1400 REM 
2:1:100REM 
10. 


2:1600 REM 
25700 
AL - FNZM(CR.CII 
2:1800 AQ - FNZP(CR.CI) 
2:1900 RETURN 
26000 
REM 
26100 
REM 
26200 
REP'I ••••••••••••••••••••••••••••••••••••••••••••••• 
** ••••••••••••• 
26300 
REM 
26400 
REM 
26:100 REM 
26600 
PRINT 
26700 
PRINT" 
FREQUENCY 
- ",SQ," 
+ J",FQ," 
HZ" 
26800 
PRINT" 
HAL 
IMPEDANCE 
- ",FNZM(RE. XEI." 
OHMS 
AT 
".FNZP(RE,XEI;" 
DECREES" 


26900 
PRINT" 
(RE = ",CSNG(REI." 
OHMS)" 


27000 
PRINT" 
(XE - 
";CSNC(XE);" 
OHMS'" 
27100 
PRINT" 
LOAD 
IMPEDANCE. 
".FNZM(RL. XL), " OHMS 
AT 
",FNZP(RL. XL);" 
DECREES" 
27200 
PRINT" 
AMPLIFIER 
GAIN 
- ";A," AT 
".AP." 
DECREES" 
27300 
PRINT" 
FEEDBACK 
RATIO 
- ".8." AT 
",8P." 
DECREES" 
27400 
PRINT" 
LOOP 
GAIN 
= ",AL." 
AT 
";AQ." 
DECREES" 


27:100 RETURN 
27600 
REM 
27700 
REM 
27800 
REM **•• *•••••••••• 
***.*••• *** •• ***.. ••••••• *******.****.*.*.*.** 
27900 
REM 
28000 
REM 
28100 
REM 
28200 
REM 
28300 
REM 
28400 
REM 
28500 
REM 
28600 
REII 
28700 
REII 
2B8OO 
REII 
28900 
REII 
29000 
REII 
29100 
REII 
29200 
REM 
29300 
REII 
29400 
REII 
29500 
REII 
29600 
REII 
29700 
REII 
29800 
REII 
2<;1<;100 
REII 
30000 
REII 
30100 
REII 
30200 
REII 
3Q300 
COSUB 
20200 
30400 
COSUB 
26600 
30500 
IF CIaO 
THEN 
RETURN 
30600 
SXX 
- INT(SCN(CII) 
30700 
IF SXX-+I 
THEN 
05 • -05 
30800 
REII 
(REVERSAL 
OF OS FOP CI:O 
IS FOP 
THE POLE-SEARCH 
ROUTINE) 
30900 
REM 
31000 
REM 
2 
INCREIIENT THE FREQUENCY. 


31100 
REII 
31200 
SP - SQ 


This 
routine 
searches 
for 
thR 
Ir 
~u.nc~ 
at 
which 
the 
im.gin.r~ 
part 
of 
the 
loop 
gain 
is 
zero. 
The 
algorithm 
IS 
as 
fol1o~s: 


1. 
C.lculate 
the 
sign 
of 
the 
im 
gln.r~ 
part 
of 
the 
loop 
gain 
(OJ>. 


2. 
Increment 
the 
fr.~u.nc~ 
3. Calculate 
the 
sign 
of 
GI 
at t~. 
inc~.mented 
f~e~uenc~. 


4. 
If 
the 
sign 
of 
GI 
h.s 
not 
ch 
nged. 
go 
b.ck 
to 
2. 


~. 
If 
the 
sign 
of 
GI 
h.s 
c~.nged. 
and 
this 
fr.qu.nc~ 
is 
within 
1Hz 
of 
the 
previous 
sign-ch.nge. 
exit 
the 
~outine. 


6. Otherwls 
•• 
divide 
the 
frequenc~ 
increment 
b~ -10. 


7. 
Co b.oc k to 
2. 


The 
routine 
IS 
entered 
With 
the 
st.rting 
fr.quenc~ SO+JFO 
.nd 
st.rtinl 
incr •• ent 
OS+JOF 
.Ire.d~ 
defined 
b~ 
the 
c.l1inl 
progr.M. 


In 
.ctu.l 
use 
either 
DS 
or 
DF 
15 
zero. 
so 
the 
routine 
se.rc~e. 
for 
• 
GI-O 
pOInt 
b~ 
Incrementlng 
eIther 
sa 
or 
FO 
while 
holding 
the 
other 
const_nt. 
It 
return, 
control 
to 
t~e 
c.lling 
progr.m 
with 
the 
incremented 
p.rt 
of 
the 
fr.quenc~ 
being 
WIthin 
1Hz 
of 
the 
.ctu.l 
GI=O 
point 


FO 
50 
+ 05 
FO + OF 


31300 
FP • 
31400 
50 = 
31:500 FO • 
31600 
REM 
31700 
REM 
3 
31800 
REM 
31900 
QOSUD 
20200 
32000 
QOSUD 
26600 
32100 
IF INT(SQN(QIII=O 
THEN 
RETURN 
32200 
REM 
32300 
REM 
4 
32400 
REM 
32:500 IF SXX+INT(SGN(GI))=O 
THEN 
PRINT 
ELSE 
31400 
32600 
SXX 
= -SXX 
32700 
REM 
32800 
REM 
:5 
32900 
REM 
33000 
REM 
33100 
REM 
33200 
REfl 
33300 
IF ADS(SP-SOI(1 
AND 
ABS(FP-FO)(I 
AND 
SX7,=-1 THEN 
RETURN 
33400 
REM 
33:500 REM 
33600 
REM 
33700 
OS • -OS/IO. 
33800 
OF = -OF/I0. 
33900 
REM 
34000 
REM 
7. GO BACK 
TO 2 
34100 
REM 
34200 
QOTO 
31200 
34300 
REM 
34400 
REM 
34S00 
REM ****.*.* ••• *** •• *.** •••• *••• *.*••• *~*•• **.*•••••*•••••••••••• 
* 
34600 
REM 
34700 
REM 
34800 
REM 
34900 
REM 
3:5000 REM 
3:5100 REM 
3:5200 REM 
3:5300 REM 
3:5400 REM 
3:5:500REM 
3:5600 REM 
3:5700 REM 
3:5800 REM 
3:5900 REM 
36000 
REM 
36100 
REM 
36200 
REM 
36300 
REM 
36400 
REM 
36:500 REM 
36600 
REM 
36700 
REM 
36800 
REM 
36900 
REM 
37000 
REM 
37100 
REM 
37200 
REM 
37300 
REM 
37400 
REM 
37:500 REM 
37600 
REM 
37700 
QOSUB 
9700 
37800 
QOSUB 
30300 
37900 
REM 
38000 
REM 
38100 
REM 
38200 
SV:I.• 
INT(SGN(AL--I' II 
38300 
IF SV7,=-1 THEN 
STOP 
3B400 
REM 
ESTABLISH 
INITIAL 
INCREMEIHATION 
VALUE 
FOR 
FO 
38:500 Fl • FO 
38600 
OF = 
(FA-Fll/IO. 
38700 
QOSUB 
30300 
38800 
DE = 
(FO-FI)/IO. 
38900 
OF 
0 
39000 
FO = FI 


IF THE SIGN 
OF QI HAS CHANGED, 
AND 
IF THiS 
FREOUENCV 
15 WITHIN 
1HZ 
[IF '!~E PREVIOUS 
5!GN-C!'1ANGE. 
AND 
!F 
G! 
!S NEGATIVE, 
THEN 
EXIT 
THE ROUTINE 
(THE AOOITIONAL 
REOUIREMENT 
FOR 
NEGATIVE 
QI 
15 FOR 
THE POLE-SEARCH 
ROUTINE 
I 


Thil 
routine 
•••rche, 
for 
the 
fr.~u.nc~ 
at 
which 
the 
loop 
gain. 
1 
.t 
0 
degr •• s. 
That 
frequency 
lS t~. 
pole 
frequency 
of 
the 
elos.d- 
loop 
gain 
function. 
The 
pol. 
frequency 
is 
• 
complex 
number, 
SO+JFO 
(Hz). 
Oscillator 
start-up 
ensue' 
If 
SQ~O 
The 
algorithm 
1S 
b••• d 
on 
the 
calculated 
behaVior 
of 
the 
pha.e 
angl. 
of 
the 
loop 
gain 
in 
the 
region 
of 
interest 
on the complex 
plane. 
The 
locus 
of points 
of 
zero 
pha.e 
angl. 
crosses 
th. 
J-axis 
at 
th~ oscillation 
fT~~u.ncv 
.nd 
at 
some 
high.T 
iTe~u.ncv. 
In b.tw~.n 
th.'e 
two cTossings 
of the 
J-.xis. 
the 
locus 
lies 
in Quadrant 
I of the 
comple, 
plane. 
forming 
an 
approximate 
parabol~ 
which 
opens 
to the 
left. The 
basic 
pl.n 
is to 
follow 
the 
locus 
from where 
It crosses 
the 
J-.xis 
at 
the oscillation 
fr.~uencv. 
into Quadrant 
I. and 
find 
the pOInt 
on that 
locus where 
th. 
loop gain 
has a magnItude 
of 
1. Th•• 
lgorithm 
is ., 
follows. 


1. Find 
the oscillation 
fTeq,uencll'O+JFG 
2. At 
thIS 
frequencv 
calculate 
the 
sign 
of 
(AL-l). 
(AL 
s: magnitude 
of 
loop 
gain. 
) 
3. 
Incr•••.• 
nt FO. 


4 
For 
thIS value 
of FQ. 
find 
the value 
of SO 
for which 
the 
loop 
gain 
has 
zero phase 
5. For 
thIS 
value 
of SG+JFG. 
calculat. 
the sign 
of 
(AL-l). 


6 
If the sign 
of 
(AL-l ~ t\.s not 
changed. 
go back 
to 3. 


7. 
If the sIgn 
of 
(AL-l) 
has 
changed. 
and 
this value 
of FQ 
is 
WIthin 
1Hz of the prevIous 
SIgn-chang •. exit 
the routine. 


a 
OtherWIse, 
dIvide 
the Fa-Increment 
by -10 
9 
Go bacl( to 3. 


inter 


39100 
REM 
39200 
REM 
3. 
INCREMENT 
FO 
39300 
REM 
39~00 
FO - FO + DE 
3'P'00 REM 
3'P600 RE" 
3'P7oo RE" 
3'P8oo RE" 
39900 
REM 
40000 
REM 
40100 
OS - 1000_ 
40200 
SO - 0 
40300 
008UB 
30300 
40400 
IF AL-l! 
THEN 
RETURN 
40'00 
REM 
40600 
RE" 
40700 
REM 
40800 
REM 
40900 
IF SY%+INT(SON(AL-I!»-O 
THEN 
PRINT 
ELSE 
39400 
41000 
RE" 
41100 
RE" 
41200 
RE" 
41300 
RE" 
41400 
IF AB8(FI-FO)<1 
THEN 
RETURN 
41'00 
RE" 
41600 
RE" 
41700 
REM 
41800 
DE - -DEliO_ 
41900 
Fl - FO 
42000 
8YX 
- -SYX 
42100 
RE" 
42200 
RE" 
9. 00 BACK 
TO 3. 


42300 
RE" 
42400 
OOTO 
39400 
42500 
REM 
42600 
REM 
42700 
RE" 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
42BOO 
RE" 
42900 
RE" 
43000 
RE" 
43100 
RE" 
43200 
RE" 
43300 
RE" 
43400 
RE" 
43500 
RE" 
43600 
REM 
43700 
RE" 
43800 
RE" 
43'P00 RE" 
44000 
REM 
44100 
REM 
44200 
REM 
44300 
RE" 
44400 
RE" 
44500 
RE" 
44600 
RE" 
44700 
REM 
44800 
REM 
44900 
REM 
4'000 
RE" 
4'100 
REM 
4'200 
REM 
4'300 
RE" 
4'400 
RE" 
4"00 
RE" 
4'600 
RE" 
4'700 
RE" 
,,'SOO RE" 
4'900 
REM 
46000 
RE" 
7. 


46100 
RE" 
46200 
REM 
8 
~6300 
REM 
46400 
RE" 
46:500 REM 
9. 


~6600 
RE" 
46700 
REM 
46800 
REM 


4. FOR 
THIS 
VALUE 
OF 
FO. 
FIND 
THE VALUE 
OF SO FOR 
WHICH 
THE 
LOOP 
QAIN 
HAS 
ZERO PHASE. 
<THE ROUTINE 
WHICH 
DOES 
THAT 
NEEDS 
OF - O. 
SO THAT 
IT CAN 
HOLD 
FO CONSTANT. 
AND 
NEEDS 
AN 
INITIAL 
VALUE 
FOR 
OS. WHICH 
IS ARBITRARILY 
SET 
TO OS - 
1000 
) 


The circuit 
model 
used 
in this 
.".l~,is 
is $imil.~ 
to the 
one 
used 
in the .mall-.ignal 
.".l~si •• but 
differs 
from 
it 
in two respects. 


First, 
it 
includes 
clamping 
and 
clipping 
effects 
described 
in 
the 
telt. 
Second, 
the voltage 
source 
in the Thev.ni" 
e,uiv.lent 
of the 
amplifier 
is controlled 
b~ the 
input 
voltage 
in accordance 
with 
an 
input-output 
Curve 
defined 
8lsewhere 
in the program. 


The .n.l~sis 
.pplies 
• sinusoidal 
input 
signal 
of .rbitr.r~ 
••plitude. 
at 
the 
oscillatlon 
f,.eCluenc~.to the XTALI 
pin. 
then 
c.lculate. 
the resulting 
waveform 
from 
the voltage 
source. 
Using 
standard 
Fourier 
techniques, 
the 
fundam.ntal 
freClu.nc~ component 
of 
this waveform 
is .xtract.d. 
This 
frequ.nc~ 
component 
is then 
multiplied 
bll th. 
factor 
:ZL/(ZL+RO):. 
and 
thl' "esult 
is taken 
to be 
the signal 
appea"ing 
at the 
XTAL2 
pin. 
This 
signal 
is th.n 
.ultiplied 
b~ the f.edback 
ratio 
(beta), 
and 
the r.sult 
is taken 
to 
b. the signal 
.pp.arlng 
at 
the 
XTALI 
pin. 
Th. algorithm 
is no~ 
r.peated 
uSlng 
this 
computed 
XTALI 
signal 
as 
the assum.d 
input 
sinusoid. 
Evl'''Vti",. the algorith", is T.p.ated, 
ne", valu •• app.a" 
at 
XTALI 
and 
XTAL2, 
but 
the values 
c~ang. 
1.55 and 
1.55 ~ith 
.ach 
r.petition. 
Eventuallv 
t~e~ 
stop 
changing 
This 
is the 
st.adv-stat •. 


The algorlthm 
is as 
follo~s 
1. Co~put. 
app"oximate 
oscillation 
freClu.nc~. 


2. Call 
a circuit 
an.l~sis 
at 
this 
fr_qu.ncv. 


3. Find 
th. qui.sc.nt 
levels 
at XTALI 
and 
XTAL2 
(to .stablish 
th. 
b.ginning 
DC 
level at 
XTALI L 


4. Assum. 
an 
initial 
amplitude 
for 
th. XTALI 
signal. 


,. Corr.ct 
the DC 
l.vel 
at XTALI 
for clamping 
eff.cts. 
if n.c.ss.rV. 


6. Using 
th•• ppropriate 
lnput-output 
curv •••• 
tract 
a DC 
lev.l 
and 
the fundam.ntal 
f"equ.ncV 
component 
(multiplving 
the 
latt.r 
bV 
: ZLI 
(ZL+RO) :) 
Clip 
off 
th. negatlv. 
portion 
of this 
output 
signal, 
if thl' 
n.Qatlve 
peak 
fa!ls 
below 
:pro. 


If thIS 
SIgnaL 
multiplied 
blJ (b.taL 
dlff.rs 
fTom 
the 
input 
amplitude 
bV 
1.5s 
than 
l~V· 
or 
If the algorithm 
has b••n r.pe.ted 
10 times .• ,It the rout In. 
Otherwise. 
multiJlly-th. 
X1A:"'.z 
amplItude 
by 
(beta) 
and 
f••d it 
b.c. 
to 
~TAL1. 
and 
go bac ~ to 
5 


inter 


~b900 
COSUB 
9700 
~7000 
REM 
47100 
REM 
47200 
COSUB 
47300 
PRINT 
47400 
COSUB 
47500 
PRINT 
47bOO 
REM 
47700 
REM 
3. FIND 
QUIESCENT 
POINT 
47800 
RE" 
cAt ~ui •• c.nc. 
the volt.ges 
.t 
XTALI 
And 
XTAL2 .r. 
equ.l. 
This 
47900 
RE" 
volt_ge 
level 
is 
found 
b~ 
trl.l-And-error. 
bAsed 
on 
the 
input- 
48000 
REM 
output 
curve. 
so 
that. 
person 
can 
chenge 
the 
Input-output 
curve 
48100 
RE" 
as 
d •• ired 
without 
haVIng 
to 
re-calculat. 
the 
quie.cent 
point. 
) 
48200 
VI - 0 
48300 
VB - 
I 
48400 
KI - I 
48500 
VI - VI + VB 
4&00 
COSUB 
13b00 
48700 
IF ABSIVO-VII<.OOI 
THEN 
49200 
48800 
IF KI+SQNIVO-VII.O 
THEN 
48900 
ELSE 
48500 
48900 
KI - SCNIVO-VI) 
49000 
VB - -VB/IO 
49100 
COTO 
48500 
49200 
VB - VI 
49300 
PRINT 
"QUIESCENT 
POINT. 
".VB 
49400 
REM 
49500 
REM 
49bOO 
EI 
- 
49700 
NIIX - 
49800 
REM 
49900 
REM 
5. CORRECT 
FOR CLAMPINQ 
EFFECTS. 
IF NECESSARY. 


5ססoo 
REM 
(~1 and 
K2 
are 
curve-fitting 
parameters 
for 
the 
ROM 
pert •. 


50100 
KI - 
12.5-VBI/13-\'B) 
50200 
K2 • 
IVB-I.25)/(3-VBI 
50300 
IF ICX-2 OR 
ICX-4 THEN 
IF EI«VB+ 
5) THEN 
EO - VB ELSE 
EO - EI 
- .5 
50400 
IF ICX-I OR 
ICX-3 
THEN 
IF EI<IVB+ 
51 THEN EO • VB ELSE 
EO • KI*EI+K2 
50500 
NRlt - NRlt + I 
50600 
REM 
50700 
REM 
50800 
VO - 0 
50900 
VC - 0 
51000 
VS - 0 
51100 
FOR NX - -25 
TO +24 
51200 
VI - EO - EI*COS(PI*NX/251 
51300 
COSUB 
13bOO 
51400 
VO - Vo + VO 
51500 
VC - VC + VO*COSIPI*NX/251 
51600 
VS - VS 
+ VO*SINIPI*NX/25) 
51700 
NEXT 
NX 
51800 
vo • VO/50 
51900 
VI • SQRIVC~2+VSA2)/25*FNZMIRL.XLI/FNZM«RL+RO).XLI 
52000 
REM 
52100 
REM 
7. CLIP 
XTAL2 
SIGNAL 
52200 
IF VO-VI<O 
THEN 
VL - 0 ELSE 
VL - VO-VI 
52300 
PRINT 
PRINT 
"XTALI 
SWING 
= ";EO-EI;" 
TO 
";EO+EI 
52400 
PRINT 
"XTAL2 
SWING 
= ";\'L." TO 
".\'O+\'I 
52500 
REM 
52600 
REM 
8. TEST 
FOR 
TERMINATION 
52700 
IF.~~I~t-V.l*B!~.OOl 
OR NP7,-10 THEN 
RETVRN 
52800 
REM 
52900 
REM 
53000 
EI - 
53100 
COTO 


2. CALL 
20800 
PRINT 
2bbOO 
PRINT 


4. ASSUME 
AN 
INITIAL 
AMPLITVDE 
FOR 
THE 
XTALI 
SICNAL. 
.01 
o 


9. FEED 
BACK 
TO 
XTALI 
AND REPEAT 
VI*B 
50300 
• 


